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TEXACO ASPHALT SERVICE! 


(1) Prompt shipments. 
(2) Clearly written specifications. 
(3) Cooperation of our experienced highway engineers. 


(4) Booklets in simple language describing step by step 
the construction of asphalt pavements. 


This year—1921—will be a banner one in road building. You'll get your 


Call in a TEXACO asphalt man immediately and get the latest “dope.” 


Write to our nearest office for information and learn what real cooperation 


It costs you nothing and you'll be interested. 


Do it Now! 
The Texas Company 
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Hayward Buckets 


Take the “X” out 
of Excavating 


That's what you do when you use a 


Hayward Clam Shell Bucket. 





There’s no “unknown quantity” in 
the work that a Hayward does. From 
the morning whistle to quitting time, 
day after day, you get the same 
consistent service—quick bites— 
big, over-capacity loads—and clean 
dumps. 





You can always count on a speedy, 
labor-saving job when you use a 
Hayward Bucket. 


Catalog 43 will interest 
any Engineer or Con- 
tractor. Write for it. 
Trade HAYCO Mark 


The Hayward Company 
50-58 Church Street, New York, N. Y. 


Builders of Orange Peel, Clam Shell, Drag 
Scraper and Electric Motor Buckets 
2662-Y 
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Non-rigid Bases For Pavements 


There are two basic types of highway design, the 


By Prevost Hubbard 





In an article entitled “Flexible Pavement Bases” published in the January 
29th issue of PUBLIC WORKS we gave extracts from and abstracts of 
parts of a paper presented before the Engineers’ Club of Philadelphia a few 
weeks ago by Prevost Hubbard. This paper described some tests made by 
Mr. Hubbard on rigid and non-rigid bases, but only incidentally discussed 
the comparative advantages of the two. At our request Mr. Hubbard has 
prepared for this issue the following article in which he states briefly the 
advantages of asphaltic bases for pavements from his point of view. Mr. 
Hubbard was for several years chief of the Division of Road Material Tests 
and Research in the Office of Public Roads of the United States Department 
of Agriculture, and is the author of “Laboratory Manual of Bituminous Ma- 
terials, for the Use of Students in Highway Engineering.” Recently he has 
become associated with the Asphalt Association as chemical engineer. 





rigid type represented by the Portland cement con- 








rigid and the flexible. The first is represented by 


such pavements as Portland cement concrete and 
monolithic brick, and the second by the various bit- 
uminous pavements such as asphaltic concrete and 
sheet asphalt. 


There is also a composite or semi- 


crete base with a bituminous wearing course. A 
pavement of the fully flexible type has its base as 
well as its surface flexible, or is of one uniform 
flexible material throughout, as in the case of as- 
phaltic concrete. 











SHEET ASPHALT ON FLEXIBLE BASE IN VISALIA, CALIFORNIA 
A l-inch sheet asphalt surface on a 6-inch asphaltic concrete base, laid in 1894. The city engineer reported in 1920 that nothing had been 
spent for maintenance 
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ALAMEDA 


A 2-inch asphaitic concrete surface on a 3-inch asphaltic concrete 


ASPHALTIC CONCRETE BASE IN 


1914. Present condition, excellent. Maintenance, 
The painted lines indicated parking spaces. 


laid 


none, 


base, in 

An asphalt base consists of mineral aggregate 
bound together with asphalt cement and forming a 
layer not less than 21% inches thick. It should not 
be confused with asphalt binder, which is a rela- 
tively thin intermediate course placed between a 
sheet asphalt wearing course and a foundation 
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Experiments conducted by the Bureau of Public 
Roads (described in Pustic Works several months 
ago) have shown that impact from heavy traffic is 
one of the most destructive agencies to which mod- 
ern highways are subjected. Any shock-absorbing 
element in a pavement reduces the destructive ten- 
dency of impact to both pavement and vehicles. An 
asphalt base is far more shock-absorbent than a rigid 
base, and in this respect possesses so decided an ad- 
vantage over the latter that it may under many con- 
ditions be laid with safety to a less thickness than 
would be required for a rigid base. 

Where the wearing course is of asphalt, the as- 
phalt base offers additional advantages. There is a 
firm bond between wearing course and base, since 
the asphaltic base and asphaltic top knit together 
to produce an integral structure and materially re- 
duce all tendency of the wearing course to shove 
under traffic at the point of contact between base 
and wearing course. 

In the rigid type of base there exists the same 





proper, and is altogether omitted when an asphalt 
base is used, being then unnecessary. 

There are two types of asphalt base known as as- 
phalt macadam or the penetration type, and asphal- 
tic concrete or the mixed type. The asphalt ma- 
cadam base is constructed in much the same manner 
as an asphalt macadam pavement, but the seal coat 
and use of small stone to fill surface voids should 
be dispensed with, except that when a sheet asphalt 
or fine graded aggregate asphaltic concrete surface 
course is to be laid upon it, the small stone should 
be used on the top of the base. The base is usually 
laid in one or more courses, each varying from 2% 
to 4 inches in thickness. 

The mixed type of base consists of a coarse graded 
aggregate asphaltic concrete, laid and compacted 


while hot in one or more courses each 2 to 4 inches |% 














thick in exactly the same manner as the asphaltic 
concrete pavement. As it is neither necessary nor 
desirable to produce an extremely close surface, 
there is no need to use mineral filler in its prepara- 
tion. 

Bituminous bases have been laid for more than 
40 years, and have given continuously satisfactory 
service for 20 years or more in Washington, D. C., 
Chicago, Omaha, Pittsburgh, Buffalo, Denver and 
other cities. More recently the use of the asphalt 
base has become more widespread, especially in the 
west. The state'of Oregon contains nearly 7,000,- 
000 square yards of asphaltic base and even more 
has been laid in California, where Sacramento has 
laid more than 300,000 square yards, Fresno more 
than 255,000, and several other cities have laid 
more than 100,000 each. 


ADVANTAGES OF ASPHALT BASE 


While a rigid type of foundation relies upon 
bridging action for support over small areas of com- 
pressible subgrade, the asphaltic base, because of its 
flexibility, maintains contact with the subgrade and 
thus utilizes its supporting value to the fullest ex- 
tent. Under many conditions which would produce 
cracking in a rigid foundation, the slight yield of 
an asphalt foundation will maintain the pavement 
intact. 
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FLEXIBLE BASE ON STREET WITH TRACKS 
SACRAMENTO 
A 1-Y%inch asphaltic concrete surface on a 3%-inch asphaltic con- 
crete base, laid in 1915. Present condition, excellent; cost for 
maintenance, none. 


inherent tendency to crack as in the rigid type of 
road, and when such cracks form they are more 
than apt to be carried through the asphalt wearing 
course, while there is little tendency for an asphalt 
top to crack when laid on a flexible base. 

Because a rigid base is not shock-absorbent, it 
acts as an anvil upon which the asphalt wearing 
course is subjected to a much more severe strain 
from the impact of traffic than is the case where the 
base itself is shock-absorbent in character. 

Asphalt is used extensively in the water-proofing 
and roofing industries and a dense asphaltic concrete 
base with asphaltic wearing course produces a struc- 
ture water-proof throughout and one therefore not 
subjected to internal stress due to absorption of 
water or to distintegration by frost action. On 
the other hand, the usual Portland cement concrete 
base is not water-proof but actually absorbs moisture 
from the subgrade by capillarity, which moisture 
tends to expand the concrete and subject it to inter- 
nal stress. It also frequently maintains a film of 
moisture between it and the asphalt wearing course 
which is a source of weakness and may greatly ac- 
celerate disintegration. , 
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An asphaltic base permits of several economies 
in construction. No type of foundation can be 
adapted more readily to the utilization of avail- 
able local material. When laid in conjunction with 
an asphalt top it requires only one organization 
and equipment to be maintained by the contractor, 
while, as stated by a prominent contractor, “Ce- 
ment concrete requires additional equipment and a 
different organization and the work is necessarily 
slower in progress.” 


Where asphalt base is used, the pavement is ready 
to receive the wearing course immediately, and en- 
tire sections of the pavement may be laid and 
opened to traffic within a period of 24 hours; while 
a pavement of concrete or with a concrete base 
should be closed to traffic for at least 10 days. This 
is often an important consideration in both original 
construction and repairs. 


The maintenance cost on asphalt pavements has 
been as a rule exceedingly low. Examples can be 
cited of such bases which have given 10 to 20 
years’ service with no maintenance, notwithstand- 
ing an increase in volume and weight of traffic 
which could not be forseen when the pavements 
were constructed. In 1894 the city of Visalia, Cal., 
constructed three blocks of asphalt base pavement 
on Main Street, this being a 6-inch base with a 
1-inch sheet asphalt wearing course. In June, 1920, 
city engineer L. H. Gadsby reported that “Nothing 
has been expended for maintenance on this pave- 
ment and it is in excellent condition today. We 
have no doubt that this pavement is good for’ many 
future years of service in spite of the tremendous in- 
crease of traffic in volume and especially in weight.” 
The same city built 10 years ago a 4-inch asphaltic 
concrete base without any wearing course, which 
has successfully carried heavy traffic from trucks 
and trailers piled high with fruit. In 1916 Kings 
County, Cal., constructed approximately 103 miles 
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ef asphaltic concrete pavement consisting of 24% 
inch base and 114 inch wearing course. The traffic 
is considered heavy, trucks weighing 10 to 14 tons 
traversing certain sections, but after 4 years of serv- 
ice all but one mile was in excellent condition and 
County Engineer Roy Maye reported last year a 
total expenditure for maintenance of this pavement 
of but $1,599.78, most of which expense had been 
incurred on one mile over a stretch of poor foun- 
cation. 

THE ILLINOIS STANDARD 


In certain localities an attempt has been made to 
standardize the design of all pavements for heavy 
tiaffic upon the basis of a rigid slab or beam because 
of its bridging value. Such pavements have been 
adopted as standard by Illinois, Clifford Older, 
chief highway engineer of that state, stating that 
“A standard concrete slab 7 inches thick at the 
side and 8 inches at the center for 16 to 18-foot 
widths has been adopted by the state of 
lilinois as the basis for all its rigid surfacng.” He 
admitted that it was a matter of opinion as to how 
much weight could be given to the transverse 
strength and cushioning effect of a bituminous wear- 
ing course and dismissed the subject by stating that 
“It has been decided for the sake of simplicity to 
allow the equivalent of 1 inch of concrete for both 
the 2-inch and 3-inch wearing surface.” 

This would require a base 7 inches thick at the 
center for sheet asphalt or other bituminous wearing 
surfaces, which is one inch thicker than the bases 
that for years have given satisfactory service in 
hundreds of cities. In addition, he requires a mix- 
ture of 1:2:3%4 concrete, while 1:3:6 concrete has 
been in common and satisfactory use for city traffic 
for many years. 


In certain quarters Mr. Older’s conclusions have 
been accepted apparently without question, but the 
long service history and present condition under 


























ASPHALTIC CONCRETE ON NON-RIGID BASE IN HAYWARD, CALIFORNIA 


Constructed in 1908, with 134-inch asphaltic concrete surface on 3-inch asphaltic concrete base. The present condition is good, although 


nothing has been spent for maintenance. 
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heavy traffic of 6-inch 1:3:6 Portland cement con- 
crete base, with a wearing course of 2 to 3 inches 
of asphaltic concrete or sheet asphalt, at least make 
these conclusions questionable if they do not abso- 
lutely disprove them. 

ABSOLUTE RIGIDITY SELDOM NECESSARY—NEVER DESIRABLE 


While the rigid type of foundation has certain 
valuable characteristics inherent to its rigidity, it 
also possesses some objectionable features which do 
not occur in the flexble type of foundaton. The 
service history of old macadam and telford roads 
which have been successfully utilized as founda- 
tions for asphalt pavements is positive proof that 
absolute rigidity in the foundation is not essential, 
provided adequate support is furnished by the sub- 
grade. While the stability of a newly constructed 
broken stone foundation seldom if ever equals that 
of an old consolidated broken stone road, the use 
of asphalt in its construction will produce an even 
greater degree of stability, as is well known. 

No practicable design of highway permits the as- 
sumption of more than a temporary bridging action 
over appreciable areas of a weak subgrade. In 
fact, it is now generally admitted that very careful 
preparation of the subgrade is necessary to uni- 
formly support the all-rigid types of pavement. With 
some amount of care in subgrade preparation there 
is probably less chance of a failure in a partly flex- 
ible foundation. The failure of a rigid base to suc- 
cessfully bridge over large areas of poor foundation, 
even when covered with an asphaltic wearing 
course, was illustrated by the utter destruction of 
such a pavement over a sub-base weakened by frost 
action which was described in Pustic Works for 
August 14, 1920. (See page 134.) 

The importance of impact in the destruction of 
highways has been referred to. In order to com- 
pare the relative resistance of rigid concrete base 
and asphaltic base, experiments under impact are 
being conducted by the writer. Some of these tests 
were described in a paper which was presented in 
abstract in the January 29th issue of PuBLic Works. 
It will therefore suffice simply to state in this ar- 
ticle that, while the tests have not yet been carried 
to the point where definite comparisons can be made 
on all designs and types, a sufficient number of re- 
sults have been secured to indicate general ten- 
dencies. These show the following: (1) Compressea 
asphaltic paving mixtures developed very decided 
slab strength as measured by their resistance to 1m- 
pact; (2) in the semi-rigid type of construction the 
asphaltic wearing course greatly increases the resist- 
ance of the structure to impact. 

IMPORTANCE OF SUBGRADE 


The asphalt base has proved much more popular 
in the west than it has so far in the east, but it is 
believed that, once given a fair trial in localities 
where it has not yet been used, its general adoption 
for many highways which would otherwise be con- 
structed with a more expensive rigid base will fol- 
low. Conditions in California were especially fa- 
vorable to this kind of base in that the soil and cli- 
matic conditions produced natural subgrades with 
high supporting value. Similarly favorable condi- 
tions can be obtained in other localitf€s by proper 
drainage, compaction and in some cases special 
preparation and modifications of the existing sub- 
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grade. Such favorable condition of subgrade hav- 
ing been obtained, there can be no question that 
flexible bases will prove as satisfactory elsewhere 
as they have been for many years on the Pacific 
Coast, where relatively thin asphaltic pavements 
have for years. successfully withstood the punish- 
ments of a heavy traffic, while under the same con- 
ditions the rigid type of pavement has been badly 
injured or destroyed. In many cases it will cost 
less to drain and otherwise improve the subgrade 
than to provide the additional thickness of base re- 
quired, whether this be of a rigid or non-rigid type; 
and given a good subgrade, the flexible base may be 
expected to repeat anywhere the success which it has 
had in the western states. 

Much can be done toward keeping a subgrade 
dry by proper drainage, but some soils are so per- 
sistently retentive of moisture once absorbed that 
it is impossible to remove it with sufficient rapidity 
by any ordinary system of drains. Such a sub- 
grade may frequently be greatly improved at rela- 
tively low cost by mixing sand with it, forming a 
sand-clay road. Such a mixture will retain less 
moisture than clay and when moist will possess a 
much higher supporting value than moist clay. Sim- 
ilarly, sands which are unstable when dry may have 
their supporting value increased by thoroughly mix- 
ing clay with them. Other soils of light, pulverant 
character which fail to compact satisfactorily may 
be hardened by a dressing of gravel, slag or broken 
stone. In other cases it may be necessary to dis- 
tribute the load over a larger area by laying a sub- 
base course of gravel, slag or broken stone. West- 
ern states and cities have found a 4-inch compacted 
sub-base adequate to care for heavy traffic in trunk 
line routes. An old macadam, telford or gravel road 
makes an excellent sub-base when it is available. 

The above suggestions for the improvement of 
sub-base are given merely to indicate that it is prac- 
ticable and frequently inexpensive to produce a sub- 
base as favorable to a flexible base pavement as is 
the soil naturally found in the far west where the 
greatest experience and success have been had with 
this type of base. 

FOR NON-BITUMINOUS WEARING COURSES 

In conclusion, it may be suggested that the as- 
phalt base is desirable not only for bituminous wear- 
ing surfaces, but also for brick and block pave- 
ments. A Portland cement grout filler in either 
brick or block construction produces a rigid pave- 
ment which requires a rigid base to maintain its in- 
tegrity. The National Paving Brick Manufac- 
turers’ Association, although a few years ago greatly 
in favor of the cement grout filler, has during the 
past year or two recommended the bituminous filler. 
Asphalt filler for both brick and stone block has 
among its advantages the prevention of cracks 
caused by temperature changes, ease of repair, and 
accessibility to traffic immediately after construction 
instead of keeping the pavement closed for a week 
or ten days as is necessary if a grout filler is used. 
With a bituminous filler, a block pavement of any 
kind—brick, stone or wood—can secure many of the 
advantages of a flexible pavement by being placed 
upon a flexible base. 

Absolute rigidity is seldom necessary and is 
never a desirable characteristic in a pavement 
structure. 
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The Illinois Experimental Highway 


By Prof. Chas. Carroll Brown* 





Of the several groups of pavements constructed to test or demonstrate 
the effect of variations in paving materials or construction that have been 
installed and tested during the past few years, that now under construction 
by the Illinois Division of Highways possesses several unusual features which 
are worthy of note. 

This stretch of two miles can be built and the test completed without its 
having to carry any regular traffic, after which it will become a regular traffic 
highway. The sub-grade and other natural conditions throughout the entire 
route are as nearly uniform in all particulars as could be obtained. Although 
there are 64 sections, only a few varieties of materials are being tested—in 
fact, the entire test appears to be chiefly one of concrete as a complete pave- 
ment and as a base for brick and asphaltic surfaces, and to be made to deter- 
mine the best method of constructing concrete pavements and bases. 

This description has been written after a personal examination in combina- 
tion with a collection of official data, by one who needs no introduction to 
the readers of engineering periodicals. 








A test road is being constructed by the Illinois 
Division of Highways for the purpose of conduct- 
ing experiments upon concrete roads, and concrete 
bases with brick and asphaltic concrete wearing 
surfaces, each constructed with variations in thick- 
ness, reinforcement, treatment of wearing surface, 
etc., so as to add definite information and data to 
the theoretical and practical knowledge of the wear 
and failure of highways. The ideas entertained by 
Clifford Older, the chief engineer of the Illinois 
Division of Highways, and adopted as a basis for 
the specifications of the highways of that state are 
generally known, and presumably a considerable part 
of these tests will be devoted to trying out certain 
of Mr. Older’s theories, which will be described 
later. on in this article. 

GENERAL DESCRIPTION OF ROAD 


The pavement is divided into sections 100, 150 
or 200 feet long, about 40 per cent of them being 
concrete pavement and the others being brick pave- 
ment with bituminous and grout filler, and asphal- 
tic concrete pavement, both on concrete base, ex- 
cept for eleven sections of brick and asphaltic 
concrete which are on a macadam base. It is un- 
fortunate that the department has not recognized 
the great importance and value of bituminous- 
bound foundations for pavements for such unfavor- 
able conditions as are bound to be found in the sub- 
grade of this test road and that none of the sections 
have been laid with such foundations. It is not 
often that conditions so uniform in all respects are 
found as there are in this length of pavement, es- 
pecially when the location of the road is considered 
and the consequent possibility of keeping general 
traffic off until the traffic test has been completed. 

The road runs approximately east and west, paral- 
leling the Wabash railway on the south, about 14 
miles west of Springfield. The entire test road is 
on a new location. intended ultimately to replace 





*Professor of Civil Engineering, Valparaiso University. 


another road several feet away. Only one existing 
road is crossed by the experimental road, and this 
crossing will be paved with 50 feet of standard 
8-inch concrete pavement. It will be possible, there- 
fore, to construct the road, test it, and repair or re- 
construct any section that may require it, before 
turning the regular traffic over it. 

The conditions as to grade, drainage, character 
of soil in subgrade, and stability of the same are 
as nearly uniform as could be secured in any two 
miles of road. The sub-soil throughout is of brown 
silt loam—the common clayey soil of the Illinois 
prairies. Owing to almost entire lack of surface 
drainage there are considerable areas where it has 
the appearance of black swamp soil and approxi- 
mates the waxy characteristics of the soil called 
gumbo, The grades are undulating, varying from 
zero for 100 or 200 feet at summits or bottoms of 
grades to a maximum of 0.4 per cent for even 
shorter distances, the grades averaging 0.1 per cent. 
Concrete box culverts are placed at the bottom of 
each of the two principal synclines, which connect 
side ditches, but as there seems to be no outlet for 
these ditches the culverts simply equalize the water 
level on the two sides of the road. The railroad 
cuts off surface drainage from the north, while 
on the south the land slopes partly toward the road 
and partly from it. Drainage ditches of the road 
that crosses the test road and those of the two roads 
at the ends of the test road will probably remove 
some of the water from these ditches. It is prob- 
able, however, that after heavy rains water will 
stand in the side ditches of the test road for consid- 
erable distances until it evaporates or soaks into 
the comparatively impervious sub-soil. It was in- 
tended to test the effect of sub-soil drainage upon 
the moisture in the subgrade, but difficulty of secur- 
ing an outlet for the drains prevents this. There 
are many square miles of Illinois area that approxi- 
mate more or less closely to these conditions, which 
are about as unfavorable to road maintenance as 
could be found, and a pavement that will stand 
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traffic on this test road under its worst conditions 
will stand the same traffic on any road in the state. 

After the road has been constructed it is pro- 
posed to subject it to artificial truck traffi¢, grad- 
ually increasing the weight of this until it exceeds 
by about 50 per cent the road limit set by the IIli- 
nois highway regulations. It would seem advisable 
to continue such tests through periods when the 
subgrade will have its lowest value for supporting 
paving traffic, that is, when the moisture in the soil 
is ata maximum. Any differences in the amounts 
of moisture in the subgrade during the testing peri- 
ods might easily make material difference in the 
effects of the loads upon the pavement slabs of the 
various materials, and mention should be made of 
any such: difference in the bulletin which Mr. Older 
promises descriptive of the details of the design and 
construction, plan of loading, and apparatus for 
and methods of observation. 

The road is to be built directly by the division of 
highways, using state equipment and labor employed 
for this job. E. M. Fleming, acting road engineer, 
is the engineer in direct charge of construction and 
is to be highly commended for the careful way in 
which the details are being carried out. The ques- 
tion of variations in methods of construction is prac- 
tically eliminated, at least so far as the work al- 
ready constructed is concerned. It is to be hoped 
that the winter intermission will not change condi- 
itions enough to introduce any uncertainties of this 
kind. 

In the construction of the concrete pavements 
and bases, Heltzel steel forms were used and, for 
the concrete pavements, the Parrish road tamper 
and finisher. The proportions and mix for the dif- 
ferent sections of concrete will be described in de- 
tail later on. 

TESTS TO BE MADE 

Pressure cells such as are iised by the United 
States Bureau of Public Roads have been inserted 
at regular intervals along each edge, the center, and 
in some places at the quarters of the road, by which 
the behavior of the subgrade before and during 
loading can be observed. Special observation pipes 
have been set on each 25 feet of the length of the 
road. At each section one observation pipe is set 
18 inches from each edge of the pavement and an- 
other is set at the center, while in some places addi- 
tional pipes have been set midway between the sides 
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GOLDBECK EARTH PRESSURE CELL 


The cell is a hollow metallic disk, one face of which (top face 
above) is an elastic metal diaphragm. The cell is buried in the 
earth under the pavement. The earth pressure keeps the dia- 
phragm pressed against the rounded surface of the metal button, 
thus closing an electric circuit carried by wires to the top of the 
dam through a small air pipe, as shown. When a measurement 
is to be made, air is admitted into the hollow of the cell from 
a compressed air tank, thus balancing the earth pressure, till, just 
at equilibrium, the diaphragm is forced outward, breaking the 
electrical contact with the button. The break is indicated by 
the going out of a small electric indicator lamp in the circuit. 
The pressure is then read on an air gage connected with the air 
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and the center, At the bottom of each pipe a loose 
brass disk lies on the subgrade. By means of an 
inner pipe the disk is forced down when a load 
deflects the pavement. An Ames dial is used to 
measure to permanent or temporary depression of 
the subgrade. The supporting power of the soil 
may be measured independently by loading the disk. 
sy removing the disk, samples of the sub-soil can 
be taken as desired in order to determine their 
moisture content or other characteristics. The top 
of the outer pipe is flush with the top surface of 
the concrete and is closed with a plug to keep out 
the water and dirt, which plug is easily removed. 

Observations of the sub-soil action should give 
data of great value, and the relations of compressi- 
bility and moisture content, of load and compres- 
sion, and possibly of swelling and moisture, will 
have light thrown upon them proportional to the 
extent of the observations and the care with which 
they are made. 

THE ILLINOIS THEORY OF PAVEMENTS 


In a paper by Chief Engineer Older before the 
recent meeting of the Association of State Highway 
Officials, he developed the present tentative method 
of design of rigid pavements used in his department, 
and gave the reasons therefore so far as they have 
been definitely determined. He assumes as dem- 
onstrated that wear of the surface of rigid pave- 
ments on well-constructed rural highways is a neg- 
ligable factor and that internal stresses due to the 
expansion of the pavement can be resisted by the 
pavement material. He acknowledges that no meth- 
od has yet been devised for preventing the cracks 
that occur in rigid pavements, but states that if 
they are properly cared for they affect the rigid 
slabs between cracks and joints only as they may 
affect its strength or load-carrying capacity, 

The thesis of his paper was the determination of 
the characteristics of a design which will give slabs 
or fractions of slabs sufficient strength to carry the 
loads to which they will be subjected. 

He assumes as a demonstrated fact that a con- 
centrated load on the slab at or near its center will 
have much less effect than one on an edge of the slab, 
and that one at the intersection of edges, joints or 
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cracks, that is, at a corner of a slab or fraction 
thereof, will have the greatest effect in breaking the 
slab. It is therefore necessary to so design the 
entire slab that the corner will carry the imposed 
loads. 

Some investigations by the Illinois division of 
highways as well as experiments by the United 
States Bureau of Public Roads show that clay soils 
have their supporting capacity greatly reduced 
ir) some proportion to the amount of moisture con- 
tained in the clay. Much of the soil of the Illinois 
corn belt is clay that absorbs moisture rapidly and, 
under the very generally existing conditions of rain- 
fall and lack of drainage, may Rave its supporting 
capacity near the surface reduced almost to zero 
for a considerable part of the year. Under what 
may be considered ordinary conditions this lack of 
supporting power may be observed quite frequently. 
Mr. Older cited an 18-foot pavement laid on a sub- 
grade on which no rain had fallen for 6 weeks, 
which subgrade, when the pavement was about a 
month old and following two days of drizzly rain, 
was found to contain about 17 per cent of moisture 
under the center of the slab. 

He considers it proper, therefore, to assume, for 
the purpose of making the corners of the slab as 
strong as the center, that the supporting power of 
the clay under a corner is or may be zero. The 
design of the entire slab depends therefore on the 
design of the corners. 

Another assumption is that,no economical use of 
reinforcing steel has yet been devised. 

It is proposed to omit bituminous filled expan- 

sion joints and to use instead frequent dividing 
planes with dowel pins or tongue-and-groove joints, 
so that the erractic transverse cracks may be ex- 
pected not to open materially. Such a joint has 
been formed in the experimental pavement by using 
a strip of horizontally corrugated galvanized metal 
set in the vertical joint between sections. The same 
sort of joint is used longitudinally down the center 
of some of the sections of the experimental pave- 
ment. 
It is believed that with this sort of a joint a 
wheel load placed on one side of a joint or crack 
near a corner may be considered as divided equally 
between the adjacent corners. With bituminous 
filled expansion joints or infrequent contraction 
joints or dividing planes, the wheel load must ail 
be considered as being carried by one corner, ac- 
cording to Mr. Older. 

Observations of vibrations in slabs and especially 
at corners with loads passing near, indicate that the 
effect of impact may be considered as offset by sub- 
grade support, and improbability of the maximum 
wheel load ‘ever being applied at the point causing 
maximum movement. 

With a given load at a slab corner, the natural 
tendency would be for the slab, acting as a beam 
supported at one end and free at the other, to bend 
downward, setting up a tensile stress in the upper 
part of a cross section taken at an angle of 45 per 
cent with the two edges of the slab that meet at this 
corner. The perpendicular distance from the cor- 
ner to this critical section is unknown, but the 
length of the critical cross section is twice the pe:- 
pendicular described. Using the standard formu- 


WORKS 117 


la for the depth of slab in terms of moment of 1n- 
ertia, the unknown disappears in the reduction and 
the value of the depth of the slab is found to be the 
square root of the quotient obtained by dividing 
three times the load on the corner by the allowable 
tensile stress of the material in the upper part of 
the slab. Ifthe load is assumed to be divided 
between two adjacent slabs, the quantity under the 
radical will be divided by two. In other words, 
the depth of the slab will be the same throughout, 
and independent of the distances of the section from 
the load. 

Mr. Older does not consider the shear set up in 
the slab by the load, but a few moments’ consid- 
eration wiil show that it is of importance for only 
« short distance from the corner and that the load 
as ordinarily applied to the corner through the 
bearing of the tire on the slab will probably more 
than cover the critical section on account of shear. 

Instances were cited of breaks made at corners 
which confirm the judgment exhibited in the above 
assumption ‘and deductions therefrom. The fiber 
stress in the concrete will be shown by computation 
to be about 750 pounds per square inch but is un- 
doubtedly less at or near the corner for the reasons 
just given. The modulus of rupture of the concrete 
in one example cited was probably between 500 and 
600 pounds per square inch. Only 12 corners were 
broken out of several hundred in the case under 
consideration, indicating that the maximum com- 
puted stress is seldom or never reached and the 
ultimate strength of the concrete was seldom 
reached ; owing partly to support to some extent by 
the subgrade, partly to mutual support of adjacent 
corners, and to the fact that the truck loads only 
approach the corners when two trucks turned out 
to pass each other. Only about 1,500 loads of 
stone were hauled during the period of investiga- 
tion, the other loads being negligible in number 
and weight. 

Said Mr. Older: “The further investigation of 
slab deflections and stresses,'the effect of mix, type 
cf wearing surface, etc., on modulus of rupture, the 
supporting capacity of soils with varying moisture 
content, the variation of the moisture content and 
supporting capacity of such soils under pavement 
slabs at different seasons and with different types 
of drainage systems, the compression of soils under 
repeated loads, the possibility of largely controlling 
the location of longitudinal and transverse cracks 
by sheet-metal divisions, the mutual support of ad- 
jacent slabs afforded by friction of the rough sur- 
faces at cracks, the mutual support of adjacent slabs 
which may be secured by artificial means at divid- 
ing planes, and other items affecting the transverse 
supporting capacity of pavement slabs is being car- 
ried on in connection with a two-mile test road being 
constructed by the Illinois Highway Department, 
and at favorable points on old pavements.” 

By permission of Mr. Older and in company with 
FE. M. Fleming, acting road engineer, who has been 
in direct charge of the construction of the experi- 
mental road on the ground, an inspection of the 
road was made very recently by the writer. From 
the data furnished by Mr. Older’s permission and 
found in his paper above referred to, and from ob- 
servations made personally, the preceding general 














118 


description of the road has been prepared and the 
more detailed description given below. The depart- 
ment will, at a later date, publish detailed accounts 
of the design, construction and testing of this road. 
The writer is greatly indebted to the engineers 
named and to Frank T. Sheets, engineer of design, 
for furnishing these data and facilities for inspect- 
ing the road. 

(A detailed description of the methods of con- 
structing the various sections of the test road will 
be given in a subsequent issue. ) 





Street Paving in 


Goldsboro 


By W. A. Hardenbergh 





Four three-bag batches carried in each five- 
ton truck. Twenty-two men lay one thou- 
sand square yards of concrete base a day. 





A short time ago Pustic Works described a con- 
crete road job in North Carolina where Ford trucxs 
carried one-batch loads to the mixer. In a large 
street paving contract in Goldsboro, N. C., 5-ton 
trucks are used to carry four three-bag batches to 
the mixer engaged in laying the concrete base 5 
inches thick. The wearing surface is to be asphalt, 
and the job involves the laying of about 60,000 
square yards of 1!4-inch binder and 1%-inch wear- 
ing course. All the work is within the city limits. 
The West Construction Co., of Chattanooga, Tenn., 
is the contractor, and the J. L. Ludlow Co. are en- 
gineers for the city. 

The work throughout is typical of present-day 
construction where man economy prevails. (In this 
connection it is interesting to note that labor condi- 
tions are far different now than when the work was 
started. Men who, as common laborers, were get- 
ting $4 per day early in the fall, are now drawing 
$2.50 and there are possibilities of another cut.) The 
equipment on the job, which is being pushed for- 
ward rapidly, includes a grading scraper, three 5- 
ton motor trucks, a paving mixer, a crane for hand- 
ling and unloading aggregate, an asphalt mixing 
plant, a roller and some horse-drawn trucks. These 
latter are being used in hauling the asphalt. 

Inasmuch as most of the streets are already fairly 
well to grade, not much grading was necessary. 
Hand grading, with the occasional use of scrapers 
and scraping graders, was the rule. Most of the soil 
is a kind of sandy loam, which handles: well, but 
clay occurs in the lower sections. 

Following grading, the street is rolled and the 
concrete base is laid. This is in accordance with 
the usual North Carolina state practice, the base 
being 5 inches thick, of a 1:3:5 mix. Multi-Foote 
paving mixer (caterpillar tread) is used, turning out 
three-bag batches. The rate of progress has been 
very satisfactory, and in places where continuous 
work is possible, 50 to 60 truck-loads of aggregate 
are used per day. Each truck-load contains 4 three- 
bag batches, which means that as much as 1,000 
square yards of base are laid in a day under best 
conditions. 
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The mixer gang is small. It is composed of the 
engineer, the fireman, two sub-grade men, three 
concrete spreaders, and two finishers, a total of nine 
men. Aggregate, with the cement dumped on top, 
is brought, as already stated, in motor trucks and 
the ready proportioned batches are dumped into 
the mixer scoop. 

Three motor trucks are used, all 5-ton. Two are 
Macks, which are owned by the contractor, and 
the other is a Federal, which is rented by the hour, 
as needed. All have power dump and metal bodies, 
which are divided by hinged metal partitions into 
four compartments, each compartment being large 
enough to contain one batch. The truck is backed 
up to the mixer scoop, the body raised to dumping 
position, and the gate to the rear compartment loos- 
ened. This allows the first batch to slide into the 
scoop. The truck is then moved forward about a 
foot so that the mixer scoop can be raised. After 
the mixer has been charged and the scoop again 
lowered, the truck is once more backed into posi- 
tion for dumping and the next partition raised, al- 
lowing the second compartment to be dumped. This 
process is repeated, the truck moving forward and 
backward, until all four compartments have been 
emptied. : 

It will be noted that two men at the mixer are 
assigned to sub-grade work. The trucks are all 
equipped with solid tires, the Macks having dual 
rear tires. All of the trucks when loaded cut rather 
deeply into the subgrade, and the two men are kept 
busy repairing these cuts, filling, spreading gravel 
where needed, etc. Smaller trucks, of two or three 
tons, with pneumatic tires would be a real improve- 
ment from this point of view, for even with the 
precautions observed, some troubles have been en- 
countered where the soil is not well ‘drained, or 
where the subgrade is soft. . 

The trucks are loaded with sand, stone and cement 
at stock piles. An Erie crane, equipped with a 21- 
foot clam-shell bucket handles the aggregate, un- 
loads cars, etc. Each of the four compartments on 
every truck is marked to indicate the height to which 
it is to be filled with stone, it is then filled level 
full with sand. On top is emptied three bags (for 
each comparment) of Portland cement. Four men, 
who assist in leveling the loads and in getting the 
right‘ amount of sand and stone in each compart- 
ment, a foreman and checker, the fireman and the 
crane engineer are assigned to this work, with two 
additional men to handle the cement. 

Sixty truck-loads is assumed as the proper 
amount of work for a ten-hour day. This allows 
about ten minutes for filling, loading, getting ce- 
ment, and getting out. As a matter of fact usually 
half this time is sufficient, but the three trucks are 
now working the mixer at capacity. The crane also 
is used to unload sand and stone, which are shipped 
in. If allowed to work uninterrupted, twenty to 
thirty minutes are sufficient to unload the average 
car. Large stock-piles are maintained. 

This arrangement shows nine men and a foreman 
at the mixer, eight men and a foreman at the stock- 
piles, and three truck drivers as the entire mix- 
ing, hauling, and laying gang. 

The laying of the sheet asphalt has been startea 
only recently. The “hot-stuff” is being hauled in 
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horse-drawn trucks, as all hauls are short, most of 
them being less than half a mile. 

The asphalt plant used is one manufactured by 
the One-Fire Asphalt Plant Co., of Chattanooga, 
Tenn. As its name indicates, the plant operates 
with only one fire for power, drying, heating, etc. 
This plant was described recently in Pustic Works. 
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The binder course is composed of 75 per cent 
stone and 25 per cent sand, with about 7% per cent 
of Texas asphaltic cement. The surfacing mixture 
is composed of 30 per cent to 35 per cent of ma- 
terial passing an 80 screen, 50 per cent passing a 40 
screen and the balance a 10 screen. The asphaltic 
cement content is about 10% to 11 per cent. 





Reinforcing Concrete Pavement 


The function of reinforcing is described by H. Eltinge Breed as to “preserve 


the integrity of the pavement and prolong its life.” 
renders less injurious the cracks that occur. 


It lessens cracking and 
It also takes stress and lessens 


fatigue. 





The use of reinforcement in concrete pavements 
has been increasing for several years past. Of the 
pavements laid during 1920 in several hundred 
cities as reported to Pustic Works in January, 
1921, about 35 per cent of the concrete pavements 
included were furnished with reinforcement, some 
details of which are given elsewhere in this issue. 


The function of steel reinforcement is described 
i: a recent discussion by H. Eltinge Breed, consult- 
ing highway engineer, as being to “preserve the in- 
tegrity of the pavement and prolong its life.” The 
following extracts and abstracts from Mr. Breed’s 
discussion give his reasons for advocating reinforc- 
ing. 

“Steel reinforcing in concrete pavement tends to 
lessen cracking in the pavement, to render more in- 
nocuous those cracks that occur, to prolong the life 
of the pavement by relieving the fatigue due to ten- 
sile stresses, and to justify its cost by increasing 
the service of the road, decreasing its maintenance, 
sometimes offsetting the necessity for additional 
depth of concrete.” 


CRACKS IN PAVEMENT 

“The defect of the concrete pavement today is 
the cracks that appear upon its surface. If we can 
prevent those, we shall increase greatly the desira- 
bility of the concrete road. Cracks weaken 
the integrity of the pavement in which they appear, 
and in the effort toward improvement, we want to 
eliminate them.” 


“While only a few cracks appear during the first 
year after a pavement is built, more develop during 
the second, and still more during the third, unless 
the pavement is reinforced. Of the truth of this 
statement, New York State Highway No. 5,314 is 
a good example. It was built in 1914 and a crack 
survey of it was made in April, 1915, 1916 and 
1917. In two representative miles there were 1,479 
linear feet of cracks in 1915; 3,210 in 1916; and 
6,116 in 1917. Five hundred miles of con- 


crete pavement were laid in New York State up 
to 1919. Seventy-five miles had reinforcement vary- 
ing from 22 to 25 pounds and from 22 to 30 pounds 
In some cases this weight of metal was 


in weight. 


doubled over bad soil conditions. The sections re- 
inforced are in better condition today, under the 
same condition of soil, aggregates, etc., than the 
plain sections are. It is noticeable that with an in- 
creased amount of metal there is a decrease in the 
number of cracks and a much better condition of 
the paving surface, i.e., freedom from cracks, spall- 
ing, etc.” 

“Cracks are due, as far as we know, to these 
causes; poor workmanship or poor materials, either 
of which is intolerable; contraction due to varia- 
tions in temperature and moisture content; settle- 
ment of the subgrade; overloading and impact. 
Settlement is caused by frost action, by consolida- 
tion of the subgrade and by volume changes in the 
subgrade. 

“The first of these causes we can and must pre- 
vent ; the others we must offset. The most effective 
means of offsetting them that we have yet discovered 
is, I believe, the use of steel reinforcement. 

“The longitudinal crack is the more serious be- 
cause, being along the axis of the road, it may catch 
the wheels of traffic like a track and carry them 
along its length. The traffic, of course, chips off 
and wears down the edges and a gash results, which 
requires maintenance. 


“Transverse cracks tend to develop unevenness, 
one side becoming depressed. Traffic bumps over 
the ridge, and the resulting impact crumbles the 
edges and starts spalling.” 


TENSILE STRESSES 

Mr. Breed quotes the familiar impact tests of 
the Bureau of Roads, showing’ that a truck may im- 
pose an impact of 20,000 pounds if falling from a 
height of 1% inch, which may amount to 43,000 
pounds if the fall be 3 inches. 

“To build roads to withstand such impact as this 
last would be financially ruinous. What we can and 
must do is to build roads of such smoothness that 
there will be no intensification of the impact pres- 
sure.” Wear due to accidental cracking may be 
eliminated by using every known precaution to pre- 
vent cracking, and, when it does occur, by holding 
both sides level so as to minimize impact. “To 
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hold the edges level and prevent the spreading of 
cracks where they appear is one function of steel 
reinforcement.” 

Mr. Breed believes that “impairment of a con- 
crete pavement is due not so much to immediate 
shocks from above as to cumulative fatigue gen- 
erated by intermittent tensile stresses. Another 
function of steel reinforcement is to take these 
stresses, lessen fatigue and thereby prolong the life 
of the pavement.” That it serves this purpose has 
not yet been proved by definite, indisputable scien- 
tific data, but Mr. Breed believes that it is indicated 
by observations of roads in actual service. 

“If a highway slab were reinforced heavily 
enough to take its loading in the same manner as the 
slab design of a building, the cost would be exces- 
sive. This is not necessary. In building work, 
failure is often disastrous, but on a highway it may 
be cheaper to allow one slab to fail and be rebuilt 
adequately to the poorer foundation, than uniformly 
to reinforce the whole roadway in accordance with 
the worst condition found. “The analogy 
between the use of steel reinforcing for structural 
work and for highways will not hold, but the writer 
believes that steel will be a factor in helping us 
build better roads. With the proper use of the right 
amount of reinforcing steel, pavements can be built 
to withstand the increased traffic that will be put 
upon them.” 

AMOUNT OF REINFORCEMENT 


Apparently no formula or definite theory has been 
developed for calculating the scientifically correct 
amount of reinforcement to place in a road. “On 
account of the fact that transverse cracks are not as 
dangerous as longitudinal cracks and as the latter 
are the ones to be eliminated if possible on account 
of the destructive effect of traffic running along 
them, it would seem wise to take a metal that has 
a ratio of from 1 lengthwise to from 3% to 5 across 
the pavement. Many of the standard styles made 
now have about this ratio and the writer believes 
it gives the best results. In city work, however, 
where transverse cracks are more detrimental, the 
ratio should be from 2% to 1 crosswise to 1 length- 
wise, depending on the length of the slab.” 

Mr. Breed, at the time of writing this discussion, 
was constructing at Bennington, Vt., a city pave- 
ment in which he was using 40 pounds of metal per 
hundred square feet on narrow sections on either 
side of a car track, the concrete being 6 inches deep 
and the slabs 8 to 9 feet wide, the traffic being me- 
dium to light. On the main street of the same city 
he was using 75 pounds of reinforcement in two 
layers, 40 pounds to the lower and 35 pounds to the 
upper, with a width of slab of 14 to 18 feet. Most 
of this pavement is on a coarse gravel and sand 
foundation. 

In the latest revision of the standard specifica- 
tions of the American Society for Municipal Im- 
provements which have recently been submitted to 
letter ballot for adoption by the society, it is rec- 
ommended that for pavements 20 feet or less in 
width the reinforcement should be steel fabric of 
not less than 30 pounds per hundred square feet with 
the effective area across the. pavement four times 
that along the axis of the pavement and with the 
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spacing of the main members of the fabric between 
4 and 6 inches. Where the pavements are wider 
than 20 feet the weight of reinforcement should be 
increased one pound for each foot of width of pave- 
ment up to 50 feet. It is recommended that the 
reinforcement be placed two inches below the sur- 
face of the pavement and extend to within two 
inches of the ends and sides of each slab. 





Street Work in Port 
Arthur 


Paving costing $162,000 done by city forces 

at a considerable saving over contract 

work. Loading chute a great money and 
time saver. 








The city of Port Arthur, Texas, has sold bonds 
to the amount of $270,000 for improving the 
streets of the city, and by the end of the fiscal 
year 1919-20 had spent $162,221 of this amount. 
Full preparation had been made for the work as 
soon as the issue was voted, but before the bonds 
had been actually sold, including equipment and 
tools costing approximately $10,000, and within 
24 hours after receipt of the money from the 
bonding company the equipment was in opera- 
tion, and material for which contracts had pre- 
viously been made was on the way to the city. 
The estimates of the work were made in the 
spring of 1919, but up to the time of this report 
the work (which was done by the city by day 
labor) had been done at a considerable reduction 
below the estimated cost, in spite of increased 
prices, the difference being $25,602 on an ex- 
penditure of $162,221. 

A considerable part of this saving was made 
possible by the construction and use of a loading 
chute at the city dock where the shell used for 
road surfacing was received by barge and un- 
loaded. In previous years the shell had been 
unloaded on the bank and reloaded into wagons. 
By the present method the shell is unloaded 
from the barge directly into a chute, from which 
it is loaded by gravity into the wagons. The 
total cost of the chute was under $300. By its 
use a 2-cubic-yard wagon can be loaded in two 
minutes and the price of delivery from the chute 
is now $.45 a cubic yard as against $.85 when it 
was loaded from the ground. This saving of $.40 
a yard gives a saving of $24,000 on the 60,000 
yards that will be used on the work. 


It was realized that a shell road was not a per- 
manent improvement nor even a very durable 
one, but it seemed desirable to secure some kind 
of improvement in front of all the built-up prop- 
erty and the bonding capacity of the city did not 
permit any larger expenditure; also, a consider- 
able amount. of storm sewer construction was an- 
ticipated and it was undesirable to construct a 
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more expensive pavement until this had been com- 
pleted. This point is referred to by the city en- 
gineer, Clarence E. Ridley, in the concluding 
paragraphs of his report in which he states that 
a well-defined plan of permanent street paving 
should be perfected which would cover a period 
of ten years, realizing that a shell road has only 
temporarily lifted the city out of the mud, where 
it will be again in a few years unless other im- 
provements are made. 

Of the cost of the road construction 13% per 
cent was drainage, 3%4 per cent was grader work, 
1% per cent rolling, 3714 per cent shell, 10 per 
cent gravel, 25 per cent bridges and culverts, 
4Y, per cent engineering and 4% per cent miscel- 
laneous. 

With shell roads, maintenance is an important 
item, since these deteriarate very rapidly when 
once they are allowed to get into a condition to 
hold puddles of water after a rain. The city has 
purchased a combined grader and scarifier and a 


PUBLIC WORKS 


121 


tractor to draw it and expects to secure more ef- 
ficient and lasting work at less expense with this 
equipment. 

For cleaning the streets, the city in September, 
1919, purchased a street flusher to replace a street 
broom and a 2%-ton truck and a labor force of 7 
men. One man operates the flusher 3 hours each 
afternoon and 8 hours each night in the business 
district. Pavements in the residence district arg 
flushed once every 3 days and the business dis- 
trict once every 24 hours. The appearance of the 
street and the health of the citizens are said to be 
improved by this system, of cleaning, in addition 
to which the total saving the first 7 months the 
flusher was in operation was $2,778 over the old 
method. As the cost of the flusher was $2,152, 
City Engineer Ridley states that the flusher has 
already more than saved its cost; $4,000 has been 
appropriated for street cleaning for the present 
year as against $9,000 appropriated for this pur- 
pose two years ago. 





Labor for Public Works 





Reports from nearly six hundred city engineers in all parts of the United 

States show that there is plenty of unskilled labor for carrying out all the 

public work contemplated by cities for 1921, and that the wages will be very 

much lower than last year. The reports from all cities are tabulated on the 
following pages. 





During the past month we have secured data 
and opinions from about six hundred city engi- 
neers located in all sections of the country rela- 
tive to the amount and wages of unskilled labor 
available for public work. This information was 
obtained in response to the three questions: “Will 
there be enough unskilled labor available for pub- 
lic works contemplated for 1921 in your city and 
vicinity?” “What is the present prevailing price 
of unskilled labor?” “What do you think it will be 
next spring?” 

There were, of course, a few who hesitated to 
reply to one or more’of these questions and others 
who expressed some uncertainty, but in the great 
majority of cases direct and definite replies were 
received. As the informants were city engineers 
who are in touch with the public works done in 
their city and vicinity, it would seem probable 
that the opinions are at least as valuable and re- 
liable as those which could be obtained from any 
other class of men. The dependence which can 
be placed upon these replies is increased by the 
remarkable unanimity of opinion found in the 
answers submitted. 

ABUNDANCE OF LABOR 


Of the replies received and tabulated up to Janu- 
ary 20th, 361 expressed an opinion as to whether 
there would be enough unskilled labor for the 
public work contemplated for 1921. Of these, 


335 stated that there would be, 14 that there prob- 
ably would be, 3 that there probably would not 
be, 7 were certain that there would not be, and 2 
were doubtful. It certainly had not been antici- 
pated by us that such a very large percentage of 
our informants would find labor conditions in 
their vicinities so favorable for public work this 
year. With such a large proportion of the coun- 
try provided with abundant labor, it would seem 
probable that the 7 to 12 places where labor was 
expected to be scarce could draw upon the rest of 
the country for any deficiency. 

This consensus of opinion of so many men com- 
petent to judge would appear to guarantee that 
public work will not be delayed this year because 
of scarcity of labor. 

WAGES 


In the matter of wages there was, as might be 
expected, great variation in the amounts paid. 
But here also the unanimity of opinion as to 
probable reduction of wages for next spring’s 
work is remarkable. The cities replying were 
grouped according to geographical districts 
as indicated on the accompanying map, and the 
average wages now paid was obtained for each 
group and also the average wages which will 
probably obtain next spring. Comparing the two 
averages in each geographical division, the per- 
centage of reduction in wages was calculated and 
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UNSKILLED LABOR IN UNITED STATES CITIES 
Enough unskilled 
; labor for 1921 pub- Present prevailing Probable wages 
Cities and States lic works? wages Hours per day next spring 
Alabama: 
ES Oe ee ee Te pe $2.00 8 $1.25 
S| ree ene Yes 3.00 8 Somewhat less 
DOOEMOMIOTY oc cc cesesocces Yes 2.00-3.00 9 2.50 
Arizona: 
I a. co cee, cd rend sie glesmee be Yes 4.56 8 4.50 
oa oceania. igre AOS wee pe 3.00-5.00 8 Lower 
Arkansas: 
0 OS Sa eee Batts 0.40-0.50 ee 0.30-0.35 
ea ere Yes 2.70 9 Same 
Little ROCK ......eeeeeeees Yes 2.50-3.00 9 1.50-2.00 
Paragould .....ccccccvccces No 3.00 10 2.00-2.25 
Texarkana ....-ceececevees Yes 2.50 9 2.00 
California: ' 
Ben QC ee Yes 4.50 8 4.50 
BSRGPSTClA ..ccccccscoccces Yes 5.00-6.00 8 5.00-6.00 
SS ee re Yes 4.00 8 3.00-3.50 
Nn acs oc icleha tame be ae es Yes 3.50 8 4.00 
ere ere ee eee Yes 5.00 8 4.00 
CEE circ ekOsowaiveses ov Yes 4.00 8 eat 
Plo AIO ...cesccvccsecses Yes 4.00-6.00 8 4.00-6.09 
POPFCOEVITIG. 2c cccccccseccere Yes 4.50 9 3.50 
San Francisco .....-cccees- rr 6.00 8 6.00 
Santa Monica .......-.+..-. re 5.00 8 eee 
ae eee Yes 6.00 8 6.00 
MEE kcob4 ote. 050 he eo YO ale oe Yes 4.50 8 3.00 
WOT se cccsctecetoerceee Yes 4.00 8 4.00 
Colorado: 
ia ciacaiguare oieoone acolo Yes 4.00-5.00 8 4.00-5.00 
CS errr re Yes 4.00-5.00 8 Lower 
ey Serer ere Probably 4.00 8 Lower 
ER iso cial hrs sage aang ag o-ere ee 4.50 8 4.00 
es SRT Probably 3.60-4.50 9 3.00-4.00 
BEOMES VIGtR ..cccccccscseere ae 4.00 8 0.35-0.40 
| er re er eee jae 4.00 8 3.50-4.00 
Connecticut: 
De a scien ale ewe 6 Yes 5.40 9 0.50 
ee rere ree re Yes 4.25 8 4.00 
DEBRONORtEr 2... ce cccccvercove Yes 4.50 9 3.75-4.00 
_ |" ERG RRR Sele ere Yes 3.50-4.00 8 3.00-3.50 
WOW BPItRIN «6c cicccccececes sat 4.86-5.83 9 4.86 
MG GMMR oo ccsswcseeses anes 5.00 8 4.00 
PE OE. cs derecewesce pes Yes 3.60-4.00 9 0.40-0.50 
ST cee eee Yes 6.00 9 5.00 
ES ids Gwe newe ee pew awiegs Yes 3.50 9 4.00 
Southington .....--cceceess Yes 4.50 9 3.00-3.50 
Torrington ....-c.cscccccmee Yes 5.00 8 4.25 
Wallingford .....cccccccees Yes 4.50-5.50 9 4.00-4.50 
Delaware: 
REE ae ee ee a Yes 4.00 9 3.75 
District of Columbia 
WHEMINEION nv cccccscees Yes 3.88 8 3.88 
Florida 
ee ee Yes 3.00 9 3.00 
I oo aa agirw gino wiels Yes 3.00 10 2.50 
DE 5 iG umeesseenees 6s Yes 3.00 9 2.50 
Georgia: 
CS Yes 2.00 10 1.50 
Meet POI ..ccccccccsvces Yes 2.50 10 2.00 
Idaho: 
ED cag eel ne wine ee eee. ee Yes 4.00 8 Lower 
Tee Waele ..cccccccocsecve Yes 5.00 8 4.00-4.50 
EE AC re eee 4.00 8 3.00 
MME. ccc ccccccvcccosese Yes 5.00 8 4.00 
Illinois: 
pe ee ee 6.00 8 6.00 
CER, okt owe ceeseeeendss Yes 4.00 8 Same 
(“eer re toed 4.00 8 2.50-3.00 
COMEPRNIA 6c cccvecveocoser Yes 0.65 8 0.50-0.60 
Champaign «....-ccccccvccs Yes 4.50 9 4.00 10 hours 
ChicM@O ....ccccee Peviatm—es Yes 8.10 9g i 
Collineville ...cccccccccccere Yes 0.75 8 0.75 an hour 
Danville Yes 4.00 8 0.45-0.50 
SEL. occ esedae een eewr ewe Yes 4.00 8 ee 
Galesburg Yes 0.50 8 0.50 
CN i cvuclawels seven comes bh 0.65-0.75 es 0.60-0.65 
PP Nala 6.30 9 7.00 10 hours 
TEGREAKCE «occ ccccccscseces Yes 4.50 8 ee 
1  MEPEREEETLL LTE Ce Yes 4.80 8 4.00 
La Grange ....-+++eeeeeeee Yes 1.00 per hour 8 0.87% 
Marion ‘SOK ONE TAD EKET OW OOS a 6.00 8 Same 
pee Yes 5.00 9 3.50-4.00 
BEE, GCPPO! 2... ccecvcecees Yes 4.00 8 5.00 10 hours 
Murphysboro .....+++eeeeee Yes 5.20 8 i 
ES ene Yes 0.60 8 . 
Gao esis seer a ewane Yes 4.00 8 4.00 
EE cc ce eew eee ee eeew~ Yes 4.80 8 3.60 
Ss aya ining BG G00 0 d6's'2 oneal 7.20 g eee 
Taylorville ...ccsccccccevce Yes 4.50 8 2.40-2.60 
WEUMOGER 2. cccccccccecves Yes 6.00 8 0.65 
EEE kee sscreasegeoses Yes (7?) $.75-1.00 8 Same 
Indiana: 
Bedford rere ree Te ee ee ee ee Yes 4.50 10 4,50 
OO eer re Te oe Yes 5.00 10 4.00 
COWEMEROR ce cicrcesiccevesves No (?) 3.00-3.50 10 Lower 
Creme FOint ..ccsvcccscece Yes 00 8 3.20 
0 EP CTT Tee Yes 5.00 9 0.40-0.50 
DEE ccvadccccoene enone. Yes 5.00 10 4.50 
Fort Wayne .....cccececes Yes 4.50 10 4.00 
PUREE ss ccecveqeconeswes Yes 5.00 10 3.50-4.00 
es iaae huh ake ‘ ° Yes 5.00 10 4.00 
Greenfield ...cccccccvcccccs Yes 4.00 10 0.35 
Hartford City ...cccccccces Yes 5.50 10 4.00-4.40 
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labor for 1921 pub- Probable wages 


Present prevailing 
next spring 











Cities and States lic works? wages Hours per day 
Indiana (Continued) 
EAUMUINETON ...cceesscccces No 5.00-7.00 10 Not much better 
PE” ccvmugdies ou wenweee Yes 3.50 9 2.50-3.00 
han, Me Yes 0.45 9 0.35 
iE ode 5 'alse es Saew os Yes 5.00 8 Lower 
DEE. nC Gwiceignea aaa aw Sars 3.50 10 3.00 
i  Ciiwnct% seeae ane ee Yes 5.00 9 5.00 
POPU ..-ccccccrsccscscccece Yes 4.50 10 4.00 
Ee ee Yes 5.40 9 4.00-4.50 
Sg Sere eee Yes 6.00 10 5.00 
aera Yes 3.20 8 2.50 
Towa: 
AGAIP ccc cecesccrccerececes Yes 4.00 10 3.50-4.00 
SD 6.006 Se en eee Yes 4.05 9 0.30 
A ee eee aes Yes 4.00 8 4.00 
ST oo soi we wreeieiorenn Yes 5.00 10 4.00 
CERES TOBBTES 2c vcceseces iat 4.80 eee 
CRAPEOS CIE. 2. ccccscversees Yes 5.00 10 4.50 
er Yes 0.40-0.50 sae No higher 
COOUWOOCIOMTIIIO cc ccccccves Yes 0.60 ale Same or less 
Snes cet oaeewe's Yes 4.05 9 4.05 
CO eee ‘alee 6.00 10 re 
PS — Probably 5.00 10 4.00-5.00 
Eo ads oro we Wo id Yes 0.50-0.60 oe 0.40-0.48 
Kingsley ....0--eeseeeeeeee Yes 0.60 ee Same or less 
Pe cscs tee ceuenwe Yes 5.00 9 .00 
EEE ee ee Yes 0.35-0.45 ver 0.35-0.40 
New Hampton .........0:.% Yes 4.50 10 8.50 
OT OO are Yes 5.00 10 5.00 
TAbDOr ....ceccerscececcces ‘ Yes 4.00 10 3.50-4.00 
Ser ea eee Yes 4.00 10 3.50-4.00 
Pe cK cnpercekdiowadaaas Yes 4.50 10 4.00 
Kansas: 
Seen SOPOUR osc cewcccwe Yes 4.00 8 Lower 
OS... ee eee Yes 4.00 g 3.20 
PE PE c6vacdscesneen ee Yes 4.00 8 3.20 
en eee ° eee 0.50 & 0.50 
Ee a 0.40-0.50 8 Lower 
ERGGPONGENCE 26.0 csccccvecs Yes 4.00 8 .50 
en ccaltcn ds waste noe Yes 4.00 . 2.80-4.00 
| A a eee Yes 4.00 8 3.00 
Ottawa ....cceerecccceceee Yes 3.50-4.00 8 3.50-4.00 
0 err ere rT Yes 4.00 8 8.00-4.00 
DEE, itectcdvduneuwe wer Yes 4.00 8 3.00 
a 
SMNIANG ,wccccvevseessesevece Yes 4.00 00 
Maysville ......+.2-++se0e Yes 0.45-0.50 9-46 a 
at an oe ecececccccrccee Yes $.06 9 3.00 
er ee re eee Tes 3. . 
DE .<<0ce0neew . Yes 3.50 3 Same. 50 leas 
kagitinpn it 
EE ee ee 
TROMEWOOE once ccsccccccves Yes 2 = 0.20 
a wo cee cee csevcescces . biecnk 3.00 8 300 
— Highlands ........ . Yes 0.30-0.40 9-10 0.20-0.30 
Ee ee ee . 

“ Yes 4.50 9 50-4.00 
ee or Probably not 4.00-5.00 8-9 * Same 
so eens Baresi zee ae 9 3.50 
oo orc aiblcn eins Yes 4.00 8 5.00 
Westbrook .......... ie es 0°50 9 3.00-3.50 

Maryland: : 9 0.40 
ABerstOwn ....-ccecceces . " 
Massachusetts: sae 3.00 10 3.00 
Dt UHep pede wes weve eeeete 
RO er ves yf : 4.00 
pO Se errr ee Yes S36 8 Say 
. 4.00-4.50 
SE, nk bake we Gas eae Yes 80 8 0 
ie ee cee hae aes Yes 4. 0 8 0 $s 50 
ea be eka Yes ‘3 9 -40-0.5 
Brookline ...........+..-6. ° Yes 4.50 8 ret} 
elt ois ons oem ae 0% Probably 5 00 8 A a 
Basthampton ........-sceces Yes ry 
F 4.00 8 3.20 
eee Nepautors 4.75 8 75 
rer ee Te Yes 4.75-5.00 8 See 
i cpp eee ege eee ooo 0@ coerce Yes 4.00 g 4.00 
Lynn Serer eee eee ee Yes 8 
North Adams .............. Yes 4/50 g came 
ideal ag cate Salone bine i bleed 4.00 g 8.50 
ET i cdaaolneiebanan Yes ee 3 Lawer 
CO Sr Tee 4.00 8 4.00 
EE hbicckinenwanéyine Yes bet 8 Lower 
Wakefield Yes 4.50 g eo 
Waltham Yes 466 g rower 
PEE. 6664006000 000%% Yes 5 00 g 4.08 
a es 5. 
PEt eeinthkettaceeee y 
BOE BEOEE cc ccsecsccsonsens yes on 10 3.50 
Co, i Yes 4.22 9 4.50 
acts csaspasdiaersonaree oie 4.50 ; 3-5° 
lo) er Yes 4.50 3.60 
— ERE ee ae Yes 5 00 g +3 
Bee ere Probabl 5 ; 
nan PR ee ‘ oS J nae 10 5.00 
SRS Yes a aes 7a? 
PCO Yes ee 9 4.00 
te a ui an ad Wb aes ree ars 10 4.0 » 
ee rr Yes 4 OF : 8.60-4.50 
- RSE reece eee ee Yes 2 4n 8 3.50 
; 8 Not over 400 
ee os ie i aint eat a soe 3.60-5.40 9 
MOI, 65 sei ns.o se ceavewn Yes "4.00 10 1/00 
ee Yes 4.50 9 4.00 
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Enough unskilled 





labor for 1921 pub- Present prevailing Probable wages 
Cities and States lic works? wages Hours per day next spring 
Michigan (Continued) 
Nee sso eg aspicece kewcee Yes 4.50 9 3.50-4.00 
TEER TAGGED occesicccseee Yes 0.60 10 0.55 
Co ee se eile 5.00-6.50 10 6.00 
IN 355 a acsaiasee-s:5. 3d. e-6"s Yes 4.50 g 0.50 
Minnesota: 
De Oe Yes 5.00 10 5.00 
ocd cig lca ad 0.45 10 0.45 
Ee eee See Think so 6.00 10 5.00 
ip etietilaaeemetagetead a Doubtful 5.00-5.50 10 3.50-4.00 
Farmington ..............-- aa 0.35 9 0.40-0.45 
es sh aveweeickeae Yes 5.00 8 5.00 
ICG BOE on i cccvcccweses es 4.00 10 3.50 
I oy 5) i ci calle ala Yes 0.60 ee Same or less 
Minneapolis ..........-:++= Yes 5.00 8 5.00 
BROTMEOVIGOO 2 occ crcccccecce Yes 5.00 10 5.00 
ie conn uu cen Yes 5.00 8 3.50 
PI cc ahi: op iecnredsau'sioy Yes 4.00 10 3.00-4.00 
Two Harbors ............. Yes 0.65 8 0.50 
a sc ceceeee . Yes 5.00 8 5.00 
DN aiinc cc cuceeautiedas Yes 4.00 8 4.00 
Mississippi: 1.75 
I 0.5 ice -0 ase W we wi owe 2.50 4 
CURUMOORES oo... ccc ccceccce Yes 2.50 10 Same or less 
seca ora, Yes 3.50 10 2.50 
Migvoust: 
PE vec 5060 éeeeeedees Y 5.00-6.00 0 —— 
“Haney eg 4.00 9 3.00 
Fredericktown ............ Yes 3.00 10 3.00 
ee ate adalat Pat 3.20-4.00 8 3.20 
ES Rae at menegoee Yes 4.50 9 0.85-0.40 
a on gadncconcee, Yes 4.00 10 3.50 
eer ree Yes 4.05 9 3.60 
Montemns 4.50 
I i Bice sac aes eo itg ice oeond ine Yes 5.50 8 ‘4 
| STE SER Ree eterna Yes 5.00 8 4.00-4.50 
LL, “Sass Yes 5.50 eee 4.50 
eer Yes 5.00 8 5.00-4.00 
Nebraska: 7 
CUMIN. ss os saeco o¥ewlewes No 6.00 10 Probably higher 
aati tana tate Yes 5.00 10 4.00 
EE Ha ti cesdsnedheees Yes 5.00 10 Not over 4.00 
NE eg sa aie a igravaien cechoupaniene Yes 0.60 es Same or less 
NN a tdcck bis pnieS orig 5e avcmarag ions ers Probably 4,50 10 4.00 
rk cheapie aie Yes 4.00 10 4.00 
0 ES ee Yes 0.65 “a 0.45 
 &. - eee Yes 5,00 10 4.00 
Scotts Bluff ...... 222222222 Yes 4.50 9 4.00 
Nevada: 
i Yes 4.50 8 4.00 
New Hampshire: 
SE os cusnendekns Probably 4.25 9 4.25 
” POFUSMOGIH 2... ccvccccese Yes 4.50 8 4.00 
vew Jersey: 
ee ake Yes 6.50 9 4.50 
MOCGORIOWR 2. occ cccccsccce Yes 4.50 9 3.60 
bea dik en dicdnes ae nose 4.80 . 3.50-4.00 
_ RSS a ae Aare Yes 5.40 9 tw 
Highland Park ........... Yes 5.40 9 4.50 
I i ty Yes 3.00-6.00 9 + 
OOMEIIIE  eckisccvcsecon Yes 4.50 8 Lower 
_ eee eis Probably 6.00 9 a 
New Brunswick .......... Yes 0.55 a 0.5 
a 6 oe aha ar ania taigue-pics Probably 0.65 ee “60 
eae islet tale Yes 4.80 8 4. 
ete ware 4.50 9 oo 
Ridgefield Park ........... Probably 5.00 8 5.0 00 
eal aaRatmetn tet aad 5.00-6.00 9 4.00-5. 
PPUCHOPIOTE ... v.cscccccscecce Yes 5.20 8 oY 
MOTMBEVIIS  occcccescceecess Yes 3.20 8 3.20 
BOUIN OFBRBS .. nc ecccccccs Yes 4.50 8 4.50 
Wotes .......-......... Yes > 6.00 9 4.50 
WeSt HOBOKEN ......ccccce eee. . 5.50 10 4.00-4.50 
West OPVEAN@G .....cccccccs Yes 5.00 8 4.00 
New York: 
ee Yes 4.00-4.80 s 3.50-4.00 
“Greatien Y 5.00 8 5.00 
rooklyn Borough ...... es ’ : 
Manhattan Doreen eeeie Yes 3.00-3.50 8 Same or lower 
ei ei aac 4.40-4.80 8 see 
MEME a Siprcuiacd wiece: ogioiere:e.¢ 6c Yes 0.50 8 0.40 
EE, | Siavareid y hae eiecwee eer Yes 0.45-0.55 8% 0.45-0.50 
NN sc 654s eheieidleie cree e-ece sera 5.00 8 4.00 
EN edininacdesie ka 4.00 8 3.50-4.00 
Haverstraw ............... aasets 3.50 8 3.50 
EI 5S ado’ Sse gravecoiess Yes 0.50 9 0.50 
PIUGGOn WANS ....6 icc cccce Yes 4.00 8 Less 
Lackawanna .............. Yes 4.00 8 3.50 
TACO DRED 6c cccecccvcvece Yes 5.20 8 4.40 
Mamaroneck .............. Sievers 5.00-7.00 8 ety 
Niagara. Palle ...........:; Yes 0.65-0.70 eee 0.55-0.60 
North Tonawanda ......... Yes 4.00 8 4.00 
CPRGOREDATE oii ciccicccccves Yes 3.00 8 No less 
Nh SS aggre atsiel gro eio-ae Yes 4.00 8 Lower 
ee Yes 5.20 8 4.00 
eS ee ean een Yes 0.55 vse 0.40-0.45 
a Yes 4.00 8 3.60 
ee aa Yes 0.70 & & 0.50-0.60 
RRTTUOWE oo cdicsccccwe vere Yes 4.50 8 4.00 
IE ia ivieig-5-614.050' Sa eave wiaeslalave sees 4.00 8 gh 
WAtOTtOWN once cccccccccce Yes 4.00 8 0.40 
Watkins ane 4.25 8 3.25 
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Cities and States 


Enough unskilled 
labor for 1921 pub- Present prevailing 
lic works? 


Hours per day 


Probable wages 


next spring 





North Carolina: 


Durham ... 
Fayetteville 
Greensboro 


Monroe .... 


Statesville . 
Washington 
North Dakota 


Bismarck .. 


POPE 2000 

Valley City 
Ohio: 

BEPOR .c-, 


Alliance ... 


Bellaire ... 
Bucyrus .. 
Chillicothe 
Circleville . 
Columbus . 


Cuyamhegen Wallis .....ccccces 


Delaware . 


East Liverpool ............ 
East Youngstown .......... 


Findlay ... 


Fremont ... 


Lakewood . 
Lancaster . 
London .... 
Lorain ..... 


Zanesville . 
Oklahoma: 


McAllister 


oo 


Shawnee .. 

Wagoner .. 
Oregon: 

Astoria .... 


Eugene .... 
Fare 
Pennsylvania: 


Allentown . 


Altoona ... 


ee 


Berwick ... 
Bethlehem . 


Bloomsburg 


ee eo) 


eee er eee eee we eee 


pS 


Chester ... 


Connellsville 
Dorranceton 


Dormont .. 
Duquesne . 





Ee ee 


Easton .... 


Bs Ss re 


Franklin .. 


Freeland .. 
Gallitzen... 
Harrisburg 
Huntington 
Johnstown 

Lebanon .. 


Lehighton . 


Mechanicsburg ...........- 
MEOMOMBANCIA ......00ssvees 


Norristown 


North Braddock ...........% 


On City .. 
Parkesburg 


Pottsville. 
Rankin .... 
Reading ... 


SehuykKil] Maven . «s..cccces 


Scranton .. 


Sharon .... 


Slatington 


Stroudsbure 


ee ge) 


Titusville . 
Tyrone ....+ 
Uniontown 


West Homestead .......... 
TREE oC cwewsesees 


Bristol .... 
Woonsocket 


South Carolina: 


Charlesten 


Greenville . 


Yes 
Yes 
Yes 
Yes 
Yes 


Yes 


Yes 


Yes 
Yes 
Yes 
Yes 
No 
Yes 


Yes 


Doubtful 


Yes 
Yes 


Yes 


eee 


Yes 


Probably not 
¥ 


es 


‘Yea 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Yes 


Yes 
Yes 
Yes 
Yes 
Yes 


woucj»ac 
ooococo 


ao *oS 


Fomnososeossosscoseoscossto 


So 
Oo 


SPT 


ov 
— 


— 
(—) 
Se RSeo Sg Smpogocoes 


= 
rs 
= 
o 
co 


WOR POUR CIO CIRO 
ANSOwWMOMSOUMS! Boo! 


— 
i 
= 


He 


ary 


PPEOCTIO AE PLS Pot P 


. ee 


ecooeusessse ocoocoouco 


w 
i] 
So 
Oo 


On pOSNMONSCSO HOOMNAM 


oe 
Son 

o 

Oo 


So 
o 


ONMmoOoO!s ww! 


ts 
oo 


ied ad 
Pro: < 
AIP AGRA ATM AOANPOMNARN: BSOSLamwmoraon 
a oo 
° 


4 MOoDVNMNSONNSOMMOSROMOS: CO! 
SSSPeosSoSessSSSSSSSSSSSSSSSSS: SOP KPFVNWSSSONSMWS S"S09 


om oT 
1!ous 
— 


on 


uo 


NAP SwW> 


ss | 


o oSo0r 
. ee a 
+o SoSSVvo: weous 


nw 


—) 
ir) ooul 
Oo 


_ 
oe 


Same 
Not less than 3.00 
3.0 


.00 
1.50-2.00 
3.00 
0.25 
3.50-4.00 
4.00 
0.35-0.40 
3.00-3.60 
3.50-4.00 
4.00 
0.30-0.35 
0.40 
0.40 
4.00-4.50 
0.50 
0.30 
Same 
3.60 
Less 


4.50 10 hours 


4.00 or less 
3.00 or less 


Less 
5.00 


3.20 


4.20 or less 
About same 
Same 


Abont ‘same 
3.50 
About same 
4.50 
3.00 
T.ess 
Same 
0.40 


Same or lower 
3.50 


T ower 
3.50-4.00 
3.60 
Less 
2.00-2.25 


2.25 
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Enough unskilled 








sa labor for 1921 pub- Present prevailing Probable wages 
Cities and States lic works? wages Hours per day next spring 
South Carolina (Continued) 
GrOONWOOE .....000566 pekatares Yes 2,50 10 2.50 
Orangeburg ........... cece Yes 0.20 0.15 
NN ibaa iio o::5 4.5006. o peredeé es No 2.50 10 Perhaps less 
South Dakota: 
eee Yes 5.50 10 5.00 
MI Eo vieiccvcvncsecnes Yes 0.60 oe Same or less 
Tennessee: 
oO ae ee Yes 3.50 10 2.50 
are eee Yes 3.00 10 2.00 
MEUUEMEUEE ie:oie sie. weceeeedcincs een 3.00 10 2.00 
Texas: 
Te een Yes 5.00 8 4.00 
OMUNORE on cc cccccopvesce Yes 2.75-3.50 8 2.25-2.50 
a gi 5 seas evecare eave se Yes 3.20 8 2.80 
| ACERS Seats tein aotss 2.50-3.50 a 2.00-3.00 
BOOM WOOE oc cccccvccevces Yes 3.50-4.00 s 2.00-2.50 
CIBPMBVING 2 osc cccccccccoes Yes 2.00 8 1.50 
NN a ois eg: 60 a:d oe oterwin'e' Yes 3.50 8 2.50 
Corpus Christi ..........0. Yes 2.50 8 2.50 
ped aie nada dete aad’ Yes 3.50 8 3,00 
NE i es cigs grees eee Yes 3.00 8 3.00 
IN, 6 a a crccipiavalmmianauhaxe ameaes 4.00 & 8.20 
GVGONVINIG on. 0cccecececesss Yes 3.00 8 2.50 
eae — Yes 2.50 8 Same or less 
Mineral Wells ...........-. Yes 3.50 8 3.00 
Pert APtnur .....ccccvecsee Yes 3.75 8 Lower 
ae Yes 3.50 8 2.50-3.00 
I tahoe ise se6cai acts Yes 3.50 8 3. 
RR keto on do ago e vecenara egeea Yes 3.50 8 About same 
Waxahachie.............++- Yes 3.00 8 2.50 
Weatherford .............. Rector 3.50 8 3.00 
— 50 
ait aoe iar arie eh tea. ree Yes 3.50-4.60 8 3. 
Prewe Gity ...........-.... Yes *"4.50 8 4.00 
Vermont: 
PPUUEIMMEON ole. cccccvevesece Yes 3.50 9 3.00 or less 
Middlebury ................ Yes 0.35 9 0.30 
eee Yes 4.00 48 hrs. a week Same 
A EE EEe Yes 3.25 9 About same 
0 eee Saphete 4.00-4.50 9 3.50-4.00 
Virginia: 
Charlottesville ............ Yes 3.00 10 2.50. 
Clifton Forge ..........::. Yes 3.60 9 3.00 
nats die cy pn.o:o aes Yes 3.50-4.00 10 3.00-3.25 
MII oo 5:56.66 0 0-0'5-0aniers Yes 0.35 9 Less 
NOWPOrt NEWS ...ccccccces Yes 0.40-0.44 8 0.35-0.40 
|i eceReE eA eeae atais Probably 3.60 8 3.00 
RI cor cisi a cieis lacaeretele ge or ae 3.00 8 Lower 
Washington: 
CHATIGSION .....ccccccccecs Yes 5.00 8 4.00-4.50 
I og dnie6-n wee e.oe- arene os Yes 5.00 8 4.50-5.00 
SE Ee Yes 4.00 8 4.0n 
ass: Roe ckwigis ib 4resaeiaiars 0% Yes 6.00 8 4.50 
TOTe TOWRGONE 2... ccccscece Yes 4.00-4.50 8 Not much lower 
hand eae aeieveilann oa Yes 5.50 8 5 50 
ND Sakti osc aes ase wirerslous Yes 4.50 8 4.00 
WETS. WATS 2... ccccccccecs Yes 5.00-6.00 8 4.00-4.50 
West Virginia: 
SEES eee re ociiunee 0.50 n.4a 
Parkersburg ...........e+: Yes 4.50 9 4.00 
ba cr nem Y 9 I 
I ener hake it ato es 5.00 4ess 
I oh oc sn ra lets Bierce 3.00 10 3.00 
ccd hice aratiien ping ares Yes 0.35 see Same 
I SE hiciccseweinwsies Shop work, yes; 4.50-6.00 10 4.00 
other no. 
ROL ECL ED Yes 5.00 10 3.00-4.00 
Eee eee Probably 5.00 10 4.50-5.00 
MUG CUMIBO 55.2 5 vino ccdcesece Yes 0.45 8 0.35-0.40 
TMGMOUEE. ... «0000000500008 Yes 4.00 10 8.00 
oe aia ci Cicpes auésicaraw-ore Yes 5.00 9 4,50 
MIDE. 6.5. 6s < 450 sce. necee e's Yes 0.50 8-10 0.50 
cig ne Kaede ah ct Probably 4.00 10 see 
I ag Sco eseravalsievawisigiers Probably 5.40 9 5.00 
hn a ia hoi.o ae Yes 4.00-5.00 10 Same or lower 
Rhinelander Yes 4.25 8 0 
Shebovean Yes 4.50 10 3.15-4.05 
is) ietarnda ania aipeerors Yes 5.00 10 Less 
Waukesha Yes 0.35-0.40 9 9.30-0.35 
Wisconsin Rapids ......... - Probably not 4.00 8 4.00 


The above data were received prior to January 20th, and tabulation begun on that date. The tabulation below in- 
eludes those received after that date and up to February Ist. 


Alabama: 


NN evs ieieais a vesetrrnees Yes $3,00 10 $3.00 
Arizona: - 
Tg 5 ad a: 6 alenate Baece-Sip ei Yes 3.00 8 2.75 
NE op tela a! wrghb ao eieiapraie Yes 5.00 8 4.00 
ES asa cin baigwtieeme-wiee.s Yes 4.50 8 Less 
Arkansas: 
CEE wisi. iw oi S160 O08 Yes 2.50 10 2.00 
California: a 
I as on op en oe Sle were aioe 4.00 8 3.50 
DE, nc ccaneeuse cesens Yes 4.50 & Same 
Mees BAS OMISGO.... oc 5c cccce Yes 4.50 8 4.00 
Canada: 


Toerense, Ont. .cccccsveos cove .60 pstee cviy 
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Enough unskilled 
labor for 1921 pub- 


Present prevailing 


Probable wages 
next spring 








Cities and States lic works? wages Hours per day 
Coltorudeo: i 
ME Sed wo clovale tiv area awilawe Yes 3.25 8 3. 
ee ee Yes 4.50 s 3.50-4.00 
Conneenecet: 
MI Sahat ica wratiniee sara Yes 4.00 8 
EE Rp aa ssn as acne aisinie's Yes 4.00 8 
SS ogc iets Siew auteke ox Yes .50 9 .40 
RS eaee eee ores Yes 4.00 8 Same 
eGo pianist iw aloieinia acai .65 ae sess 
ESE E TE ae Yes 4,00 8 _3:50 
PE e066 «60ale e Saire ein Yes .30-.35 9 25-.30 
Georgia: _ 
PD 3 oN hs oe eDAuaieerenes Yes 25 9 .25 
Idaho: 
See @ AAOWD 66. 6604209 0is 4.00 8 4.00 
Illinois: 
NE ea er Yes 35 20 
Chicago Heights .......... Yes 70 9 
SE Gar enesenseaeaaseawis Yes 7.00 8 7.00 
0 ae eee Yes 4.50 9 4.50 
SE EE eee eee Yes 5.00 8 
| Se ree Yes 40-.45 
Be re ree Yes 60 8 .60 
Olney Soeteoeeesrocsevesoveers 3.00 9 
ici ia isan ghar as ae 45 .40 
0 See een Yes 50 9 i 
EE oa kinGwne enw eManes Yes 7.00 10 7.00 
DEE Gitcetineseae eens 50 
Et arti ic bcs Bier aid dalaiocee Yes 5.40 9 4.50 
Indiana: 
CPRWEOPESVING ..ccccccccse Yes 4.00 8 ; 4.00 
east a, lle ee Yes 4.50 10 3.50-4.0 
cae canis aandanedien Yes 4.00-5.00 10 3.00-3.50 
DT MUM 6s cswes ences Yes 4.00 10 3.50 
es a orb edie iaeana tw ssi Yes 4.00-4.50 10 .80-.40 
Iowa: ° ; 
dl eee eee 3,20-4.00 8 Same 
Kansas: 
CO ay ee Yes 5.00 8 4.00-5.00 
| ae rere Yes 3.20 8 3.20 —_ 
PE Ee re Yes 3.20 8 Same or le 
I © 6-64:6. ss50 eee ewe Yes 4.00 8 3.60 
Louisiana: 
NS San os wep anecg btw wile Yes 2.00 10 1.50-1.75 
PE: sacéicibaveneeaewee Yes 2.50-3.00 10 2.50 
Maine: 
ere Probably 4.50 9 sich ie 
i. og | eee ae Yes 4.00 9 Less 
Maryland: 
rr ‘ Yes 3.50 9 3.00 
Massachusetts: 
rere rer rr eee Yes .68 8 et 
DE cvnscoeentseeeaneee~ Yes 4.25 8 4.25 
IE ee he's Sane 4 ere ee Yes 4.75 8 
a ee errr Yes 5.00 8 ett 
Fe ER eee a ee eee er Yes 4.50 8 4.5 - 
<\s4 ss eseesewiee— @oiered Yes 4.00-4.50 g 4.00-4. 
Medford Trerrrrienrece Te Yes 4.75 g A 50 
DED cc cgued sce Seeeeeen Yes 4.50 8 A50 
EE Snake G ORES Ore Yes 4.25-4.40 S 4.2 - 
PROVINCOHOWR 2. ccccvcccnce 3.00 8 3. ; 
EE 56 66 aon Oo ke REE S'S Yes 3.50 8 3.0 
Michigan: 
PE 55a ss obs Wee een nae 5% Yes 4.50 9 a 
Battle Creek : Probably 5.40 9 About « 
ee ee a a chen ese wawee Yes 5.00 g aos 
tk... Meee rer eee Yes 4.50 9 4. a 
ere ee : 3.09-8-50 : About §s 
ee ee Tes f t 
ee kak ent eek eee awew ae Yes 4.00 10 Lewes 
Ee ee a 45 g .50-. 
Minnesota: 
‘Chisholm er eee weyTriTT yy Yes ee 8 About same 
a rere ea ; 
EE ECS a Peer ae Yes 5.00 10 3.00-4.00 
I os a ob Geis: wis6:4 0 KOK Yes 3.50 10 4.50-5.00 
Mississippi: 
mY OTe Te eT Yes 2.50 10 2.00 
EE, Sr oko 6 604s CORES 
ee Yes 50 9 00-50 
Jefferson City .....cseseoe. Yes 3.60 9 ee 
OS arr Te Yes 55 “ “a 
os ae Yes 2.00 10 = 
ROE THEY sé ciccsteeses Yes 2.80 g f 
Montana: 
“aoe ee pee Pee Yes 4.80 S 4.80 
ES oot wp aaa dad awe ne Probably 5.00 8 
Nebraska: : 
og Yes .50 10 rt, 
Ry Yes 7.00 10 é 
New Jersey: 
se ciie a dig ails 3.60 9 onto 
cm i eee Yes 4.00 g +h 
DE. 64 4stce0cbcenewaws Yes 3.50 9 ed 
igs ona aa '5 6 Ee Yes 5.00 8 . 
IN, ab Soin has tee oe ae Yes 4.50 9 3. : 
ST, , ee ee Prohably 6.00 9 os 
WOME POW TORR oi ccc sc scics Yes 5.00 8 5.0 
New York: ‘ 
5a as oa cea iso Doubtful 4.40-5.20 g 3.50-4.50 
New York. Bronx Borough... 5.00-6.00 8 “use 
| SS eee ee Ves ees ‘ are 
DE bse a ss awed oes eee Yes 4. . ‘ 
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Enough unskilled 
al labor for 1921 pub- Present prevailing Probable wages 
Cities and States lic works? wages Hours per day next spring 
"3 pee Probably 4.00 8 About same 
Hastings-on-Hudson ....... Yes 3.25 8 3.25 
RN ees gate gue. \e Yes 4.80 8 4.00 
MN oc dite bth rie oer deveaveieies 4.00 8 About same 
WUIMOMEOWE occ cccccccwsrcce Yes 4.00 8 
eee 5.00 8 5.00 
POUC. CROWES ci bccics coveves Probably 5.00 8 4.00 
RE oo shay. Siese-avdueoio MS Probably 3.20 8 Same or lower 
North Carolina: 
og. 5 a)5 Wobk apaierelens 3.00 8 2.00 
North Dakota: ; 
SO ee Yes until fall 4.00-5.00 9 5.00-6.00 
Ohio: 
MEDI, biasoid. 0 65-0 ere. Shee Sige No 4.00 10 4.00 
INU 2s shore aicmeais co iatis.c Yes 5.00 10 5.00 
I 8 5-5:658: oorere-¥:ein'ow ieee o0ce « Yes 3.00-3.50 10 2.75-3.00 
Weentngton, C. H. ....-5. Yes 3.25 8 
Oklahoma: 
Ee aera tae erin Yes 4.00 8 4.00 
ES RE Oe Yes 4.00 8 No more 
Pennsylvania: 
oO eee 5.00-6.00 8 Not less than 4.00 
ee eee Yes 4.00 8 3.50 
I Filo 10: 10-00 oe 4 rene 6 Bw ore Yes 4.50 9 No change 
SS oe Yes 4.00 8 ~ 4.00 
ES ee er ee Yes 4.50-6.00 10 
III os ac whine Kame pees Doubtful -50 a ' -50 
EE rears Yes 3.50 10 3.50 
ET Orr eee Yes 4.50 10 
PIGIMGRYVEWUTE 20. ccvccccces 4.50 10 
wee HRUONO ..c vce seriecedce 4.50 9 3.00-3.50 
NS ssrsstnide ciao! \satip oiigse iene eet $.0i.0-% 4.50 8 Lower 
PREIMGOIDOMID. ccc crc ceccccees Yes -45-.50 -45-.55 
oe errr Yes 4.00 10 3.50 
PURMSGIAWEST «..00ccccccece: 3.50 10 About same 
eT 0.5. 6s a4'6a:e eowlelens Yes 3.50 9 3,00 
BUNNE TEU onc ccc evens 5.00 10 .50 
WiIMGS-BGLTe ... 6.6666. 000s Yes -40 9 -40 
wl. Se 5.00 10 
Rhode Island: 
och 5 a) 3164 i ngsane aces oth Yes 4.00 8 4.00 
PAaWtGChet .cccccecssecosooce Probably 
South Carolina: > 
SSBB rere Yes 1.50 10 n 
ae Yes .20 10 15 
South Dakota: 
I oa: degre b erergks eee Wove Yes -40-.50 -85-.45 
eS er Probably 4.80 8 4.00 
eee rere Yes 4.00-5.00 10 4.00 
Teunessee: 
a a 2.50 10 2.00 
Texas: 
NN PT CL CREO TCC Yes 2.50-3.50 8 2.50 
ee Yes 4.00 8 3.00-3.50 
a rete ee ee Yes 4.00 8 3.00 
ON eer ee ee Yes 4.00 8 3.50 
Utah: 
Breen ClY ....kccscceces Yes 5.00 8 5.00 
Vermont: 
NI ON oral. fe cmvoceianeeicaiese een Probably 4.00 8 4.00 
ee, a ae 4.80 8 
Virginia: 
Roanoke gt otanaaata ke oma at eared Yes 3.60 9 3.60 
Washington: 
0 ee Probably 5.20 8 4.00 
Port Ammeies ........cc0. Yes 5.00 8 4.50 
West Virginin 
I a ee Yes 3.50 10 3.00 
MEGUMGBVITIG ... 1. cc cccccess Probably 3.60 9 Lower 
re ee eee Yes 45 9 -40 
Wisconsin: 
Ashland Yes 3.50 8 3.00 
ee a Yes 5.00 10 Same or less 
TRMOMVTIO co o.oo ces wcwees Probably not 4.50 9 5.00 
EE eer Yes 4.00 8 
ee ee ee Yes 4.50 9 4.00 
Se eae Yes .50 9 .50 
I ko ea i ad ae a Yes .50 9 .50 








(Continued from page 121) 
these percentages were as follows: New England, 
8; Middle Atlantic, 11%; South Atlantic, 11%; 
East North Central, 11%4; East South Central, 
2414; West North Central, 121%4; West South 
Central, 1424; Mountain, 12%; Pacific, 11¥%. 

It will be noted that of the nine groups, 6 an- 
ticipate a reduction of 11 and a fraction or 12 and 
a fraction percent; a seventh, 14 and a fraction 
percent ; while the other two give 8 and 24, respec- 
tively. The 24 per cent of the East South Cen- 
tral is caused by the anticipated drop to an aver- 
age wage of 25 cents per hour, which is by far the 
lowest average reported from any section. The 


relatively small anticipated drop in New England 
is caused by the comparatively low average of ex- 
isting wages. 

Another feature of the uniformity lies in the 
geographical distribution of the wage averages. 
Taking the anticipated 1921 wages, we find the 
northern tier of states, that is, New England, Mid- 
dle Atlantic, East North Central and West North 
Central to report the wages as 46, 45, 46 and 43 
cents, respectively; while the South Atlantic, 
East South Central and West South Central re- 
port 30,25 and 35 cents, respectively. 

A summary by geographical divisions has been 
made of the data contained in the complete table, 
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giving not only the average, but also the maxi- 
mum and minimum reported for each division. 
These show that, although the averages seem to 
follow a definite law, there are considerable vari- 
ations within each division. For instance, in the 
Middle Atlantic division we find wages varying 
from 20 cents to 75 cents per hour, in the East 
North Central from 30 cents to 87 cents, etc. 

Taking the entire country, we find the average 
wage at the present time is 48 cents an hour and 
that the average of the wages anticipated for next 
spring is 42 cents an hour, a reduction of 13 per 
-cent. 

It is to be noted that the drop in wages is not so 
great as it would have been had the question been 
asked a few weeks ago, the “present wages” being 
those of January, 1921, and not those of last sum- 
mer and fall. For instance, one town in New 


Jersey reports the present prevailing price of la- 


GEOGRAPHICAL DIVISIONS AS DEFINED BY THE BUREAU OF THE CENSUS. 


bor as $4.50 per day, but that it has just been re- 
duced from $5.50; while a North Carolina city re- 
ports that the wages there have just been cut 
from $4 to $3; these two showing a recent fall of 
25 per cent in addition to the further fall antici- 
pated. We had expected to learn of a greater an- 
ticipated reduction than that shown by the table, 
approximating more nearly to pre-war prices, 
especially in view of the apparent abundance of 
labor everywhere. It would seem, however, that 
reliance should be placed upon the opinions of 
these hundreds of observers, especially in view 
of the great uniformity of their ideas on this point. 

Fortunately, reports from contractors (although 
by no means so many of these have reached us as 
the replies to the above questions) indicate that 
the efficiency of labor of all kinds has increased 
greatly and has recovered from 50 per cent to 100 
per cent of its former departure from pre-war ef- 


fectiveness. 





SUMMARY OF GEOGRAPHICAL DIVISIONS 











Average 
No. of cities Present Wage Per Hour Probable Wage in Spring percentage 
State Group reporting Av. Max. Min. AV. Max. Min. reduction 
New England ....... 39 50 65 35 46 62 25 8 
Middle Atlantic ..... 61 53 75 20 45 62% 20 111-3 
South Atlantic ..... 24 34 69 20 30 53 15 11% 
East North Central. 98 52 87% 30 46 87% 30 11% 
East South Central.. 10 33 53 25 25 44 15% 24% 
West North Central. 51 49 65 35 43 62 30 12% 
West South Central. 28 41 62% 25 35 62% 19 14 2-3 
NS Pee 16 57 69 40 50 56% 33 1-3 12% 
oO eee Serer 20 62 75 50 55 75 37% 111-3 
United States ...... 347 48 8744 26 42 87% 15 13 











130 


PUBLIC WORKS 


BASE AND SUBGRADE FAILURES 





VoL. 50. No. 6 











What kind Was failure 
of pavement Thickness Was failure due to yield- 
L base has of base, Wearing due to Description ing of sub- : 

City and State failed? inches surface traffic? of traffic grade? Cause of yielding 

Arizona: 
Bisbee ........Concrete 6 Brick No Yes Pipe trenches and 
poor repair. 
Arkansas; 
Little Rock ....Concrete 5 Asphalt No Very light Improper drainage 
Concrete and thin, mix 
California: 
Anaheim ...... Concrete 4% Asphalt Yes Pipe trenches 
CRIGEZICO ....-: Concrete Warrenite Yes 750 Yes Settlement of new 
embankment 
eee ....Bituminous Natural No Not properly con- 
Concrete 3 Bitumen No structed and too high 
a’ crown 
Palo Alto .....Macadam & 2 in. Bit. No 
Concrete 4 Rock Yes 
Porterville ..66d Asphalt Yes Nature of soil 
Concrete - None No Adobe changes vol- 
ume with wet and 
Ventura .......Concrete 4 1 in. Warrenite Yes Heavy trucks dry seasons 
Colorado: 

EGOGVINNG . 2.0 0:0 Macadam a S in. Yes About 1,000 per Yes Improper replacement 
day, light rigs to of surface after 
heavy auto trucks excavation 

: and ore wagons 
weighing up. to 
15,000 lbs. 
Connecticut: 
pf Cement 3 inch sheet Yes Pipe or conduit trench 
Concrete 6 asphalt 
Meriden ....... Concrete 6 Wood block No No Probably due to poor 
construction 
Florida: 
Sanford .......Sand Brick Yes Lack of drainage 
Georgia: 

Albany ..++eeeeeConcrete 6 Brick Old ditch lines, 

cracks in sub-base 
Illinois: 

Canton .....«...No, 2 brick 2% Small pavers Yes Yes Lack of drainage; 
trench openings made 
after pavement was 

laid 

Cativie...s ...-Macadam 6—8 Macadam Yes Fords to 7-ton No No surface binder 

trucks 

Contralia ..s6c«« Natural Brick No Yes Poor material 

Cement 6 
Danville ....-6. Concrete 5 Bitulithic Yes 12-ton trucks Yes Lack of drainage ol 
CUIOGR 2c cccccs Old wet spots on slopes 
Macadam 6—24 Vit. Block No Yes Mostly pipe trenches 
Eee Macadam 6 3 in. No Yes Poor drainage 
La Grange ....Concrete 6 Asphaltic Yes Where 36 in. fill was 
Concrete No laid through old 
swamp; stood 4 years 
then settled slightly 

PN ic wrwarcuwes Concrete 5 Brick 5 in, Light traffic Yes Black undrained soil, 

Sand Cushion No damp Se 
a 

Taylorville ....Concrete 6 Brick & Vitri- Fords to 10-ton Where ser- Improper back-filling; 
fied Block No trucks vice pipes also a street railroad 

were newly was laid in cold 

laid in ad- weather and pave- 
vance of ment not properly re- 

paving placed 
Waukegan ....Macadam 6 Brick No Yes Pipe trenches 
Winnetka ..... Concrete 5 Brick, Tar Heavy motor Yes Clay sub-soil; base 
Filler Yes truck traffic too light; loads too 
heavy and fast 
Indiana: 
Covington ..... Sand and Brick No All kinds of Yes Lack of drainage 
. lay 4 vehicles 
Crown Point ..Slag 6 Crushed 100 5-ton; 500 1 No Neglected repairs to 
Limestone Yes and 2-ton trucks; wearing surface 
1,000 autos 
ee Concrete 6 2% inch Ordinary traffic Yes Pipe trenches and 
Asphalt No mucky sub-soil 
Elwood ....... Gravel & Brick Rutting under Average 120 No Partly fill; pushing of 
Sand 10 truck traffic trucks 3-5-10-ton, gravel and sand under 
in early 400 autos daily weight 
spring 

Prankiin ...... Gravel 12 Brick No Poor drainage, caus- 
ing surface to settle 

and blow up 

Huntington ...Stone 8 Brick No Yes Trenches and 

drainage 

South Bend ...Concrete 5 Sheet Heavy truck No Concrete in base not 

; Asphalt Yes traffic first class 

Terre Haute ..,Stone & Brick No Yes Pipe and sewer 

Gravel 12 trenches 
Iowa: 

Boone .. ..-- .Natural cement Brick Yes Heavy traffic of 

: Concrete all kinds 

Centerville ....Concrete 5—6 Brick Yes 5 to 10-ton trucks Yes Also settlement of fill 

in a few cases 

Fort Dodge ...Concrete 5 Asphalt Probably; Yes 

Muscatine ..... Macadam Yes i 10 to 20-ton Yes Poor filling of gas 

trucks and sewer trenches, 


especially when done 
in winter and soils 
not thawed out when 

refilled 
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BASE AND SUBGRADE FAILURES— (Continued) 














Was failure 





W hat kind - 
of pavement Thickness Was failure due to yield- 
base has of base, Wearing due to Description ing ot sub- : 
City and State failed? inches surface traffic? of traffic grade? Cause of yielding 
Kansas: 

Council Grove .Concrete 5 Brick No Yes Base has cracked due 
to expansion and 
contraction of sub- 

base 

Dodge City ....Concrete 5 3 in, vertical fiber 300 autos; 100 Yes Contraction and ex- 

Brick block No horse-drawn pansion of base 
vehicles 

Independence ..Crushed Brick Partially Pipe trenches and bad 

Rock 6 . drainage of sub-soil 
A'sphaltic No Yes Pipe trenches in some 

Manhattan ....Concrete 5 Concrete cases and lack of 

drainage in most cases 

McPherson ....Concrete é Asp. Concrete Yes Gumbo sub-soil 

& Brick No - 
BeMGe .<++ ....Macadam 6 2. in Yes 1 to 5-tcen trucks; No Bad mixture of asph. 
2 3,000 a day and aggregate 
ee Concrete 5 Brick Yes Yes Gumbo soil mostly 

Winfield ..... ..Concrete 4 3 in. Brick No Autos and trucks Yes Shrinkage of gumbo 

sub-soil in drying 
Maine: : ; 
Bangor .......Cement Wood block No Yes Pipe trenches and 
: Conc. base 6 lean concrete. 
Massachusetts: 
OO Orr Stone 6 Water-bound Yes Yes Lack of drainage 
Macadam 
Michigan: : ? 

a ee Concrete 6 Asphaltic Mostly 5-ton Yes Pipe trenches mostly— 

trucks poor filling material in 

Muskegon ..... Concrete 3—7 Concrete Yes made ground 

Port Huron ...Concrete 6 Brick Yes Yes Sawdust fills 

Brick No Yes Lack of drainage— 

Stursis ...cees Concrete 6 Brick No freezing 

Ypeitante ...-. Concrete 7 Concrete No Yes Pipe trench 

Yes Lack of drainage and 
hard compacted cen- 
ters with uncompact- 
Minnesota: ed gutters 

Albert Lea ....Concrete 5 W o00d-block No Yes Across old slough 

bed peat soil. 

Re. Se seesad Gravel 8—10 Gravel Yes Yes Heaving caused by 

freezing of hard-pan 
under sub-grade, 
Mississippi: 
Clarksdale ......Concrete 5 1% in. Asphaltic Yes Defects in Sewer lines 
Concrete No 
Missouri: 
Sedalia «eeee.Macadam 6 Vit. Brick No Yes Pipe trench—lack of 
drainage 
Montana: . 
Billings .......Concrete 4 1% in. 600-800 some Yes Lack of drainage; 
Bitulithic Yes trucks weighing water table so near 
12 to 15 tons surface as to soften 
‘ sub-grade 

Great Falls ....Concrete 4 2 in. Yes Heaving of ground 

Lewiston ...... Concrete 6 Bitulithic No Yes New embankment at 
bridge approaches 

Nebraska: 
ee Pee eee Concrete 5—8 Brick & Yes Generally heaving due 
Asphalt No to frost at points of 
leaking water mains 
or services 
ee Concrete 5 3 in. A, S No Yes Trenches and exces- 
sive frost upheaval 
New Hampshire: 
Oe a Cement Tar Concrete No Yes Lack of drainage 
Concrete 
Portsmouth ...Concrete & Sheet Yes Frost heaving small 
Gravel Asphalt amt. of new work 
where new trenches 
were, or, improper 
New Jersey: drainage 
Montclair ..... Concrete 5 Asphalt 
Macadam No Yes Street built over ash- 
New Brunswick.Concrete 5—6 Rricek ar filled ground 
Asphalt No Yes Ditches for sewer, 
water or gas 

Ridgefield ParkBroken 3 in, Yes Wet clay soil—im- 

Stone 4 properly drained— 
considerable traffic 

Rutherford ....Broken trap 2—1% in. with Auto trucks, 2 to Yes Red clay in bottom 

& Concrete 4% “C” grade 6 tons probably 14 in. cut 
Asphalt No 2,000 
New York: 
Binghamton ...Concrete Brick No Yes Pipe trench 
Buffalo ........Natural Cement Asphalt Yes Yes Drains each side— 
Concrete 6 , but not sufficient 
COPIES 60 ciscs Concrete 6 Brick No Motor trucks and No From the deteriora- 
: pleasure cars, tion of gravel used 
i weight in concrete base 
ons 
Gloversville ...Concrete 5—6 Vit. Brick Yes Yes 
Herkimer ...... Concrete & 2 in. No Yes Sewer trenches 
Crushed stone 4— 5 
Not usually Water leaks washin 
Manhattan . Concrete 6 Asphalt, Granite materials into bad 
& Wood Yes filling elsewhere 

Niagara Falls .Concrete 4 Yes Yes Pipe trenches and 

heavy 

Ogdensburg ...Concrete 6 Brick No Yes Trenches filled with 

Oneonta .......Concrete t Brick No Yes 7 
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What kind Was failure 
ot pavement Thickness Was failure due to yield- 
base has of base, Wearing due to Description ing of sub- : ; 
City and State _ failed? inches surface traffic? of traffic grade? Cause of yielding 
North Carolina: 
Durham ....... Concrete 6 3 in. No Yes St. Ry. Co.’s faulty 
track construction 
Fayetteville +n & . Durax blocks 
ay , . 
Statesville ..... Concrete 4 2% penetration Yes Base was laid with 
Tarvia lap joints and they 
Macadam No _ telescoped 
WENO op vccese Concrete 4 Yes Heavy trucks Yes Pipe trench—prob- 
ably bit; base too 
light for traffic 
Ohio: . 
DO eer re -Crushed Slag Brick Yes Heavy hauling Yes Clay soil—no drain- 
Sand age; hauling with 
trucks while soft 
Alliance ....... Gravel 6 Asphalt 10-ton trucks 400 Yes Lack of drainage 
Blocks 4 qm. Yes to 500 total of with poor base 
vehicles 
MONIES 6.40.04 9:8 Rolled Stone 6 Brick No Yes Lack of drainage 
Chillicothe ....Concrete 5—6 Brick & Asphalt Very heavy Lack of thorough com- 
Block Yes paction of trench 
Delaware ..... Concrete 6—4 #Brick & Asphalt Yes Embankment on brick 
Block No and pipe trench on 
asphalt 
Lakewood ¢*....Rolled 4 in. Brick Yes Occasional 10-ton Yes Most failures over 
° Cinders 6 trucks improperly placed fill 
in old trenches 
LAnCaster «6c. Rolled Brick No Yes Due to sewer trenches 
Gravel 6 —backfilling careless- 
ly done and sub-grade 
not properly rolled 
| re Concrete Asphalt Yes Yes Trenches 
Marietta ..... -Sand & Gravel Brick Yes Trucks Yes 
pO eee Rolled Brick Yes Yes 
Stone 8 
MOrwalk .cess Concrete 6 Brick No Yes Lack of drainage 
WOOSTE? .ccccecs Stone 3 Brick Yes Local stone used in 
foundations gave way 
—may not have beer 
: properly tamped 
Zanesville ..... Gravel 6 Brick Yes Lack of drainage 
Oklahoma: 
ers Concrete 4 Asphalt Yes Lack of drainage 
Macadam No “alkali” soil 
Oregon: 
TS Crushed rock, Bitulithic « No Yes Slides and settlement 
Concrete 5—6 due to excessive 
rain-fall and to foun- 
dation which is most- 
ly soapstone 
Corvallis ...... Port. cement Asphaltic Yes Lack of drainage 
Concrete also Concrete Yes 
Black base 4 : 
MUSBENE «060 ces- Black & 1% in. Bit. & quite heavy Yes Lack of drainage and 
Concrete 34%4—4 Sheet Asphalt Yes - lack of thickness and 
quality in concrete 
base 
Pennsylvania: 
Allentown ..... Concrete 1 in. Binder, Yes Trenches 
1% in, asphalt Yes Trenches and insuffi- 
BOOMS «cos oe Concrete 6 Brick & Sheet Yes ciently rolled sub- 
Asphalt grade; inadequate 
drainage 
CHEStOr .ccsces Concrete 2 in. Sheet heavy commercia] Yes Pipe trench 
. Asphalt Yes 
Dormont .....- Concrete 5 Brick, Sand Sand and material No Some failures due to 
Cushion Yes trucks, gross new or not sufficiently 
weight about rolled embankment 
Duquesne ..... Gravel 8 Brick Yes 
Waston .....-.. Concrete 5 Brick Yes Yes Yielding of sub-soil 
after concrete became 
shattered due to in- 
ferior concrete 
Monongahela ..Slag, Brick Yes Motor trucks Yes Sewer and other 
Gravel 7 street openings 
Norristown ....Concrete 4—5 Vitr. brick No Quite heavy Yes By leaking water 
mains and services, 
surface water freez- 
ing; disintegrating 
surface pavement 
ee Gravel & 6 gravel Brick Yes 3,600 heavy trucks Yes Pipe trenches and 
Sand 2 sand and pleasure . lack of drainage— 
cars foundation not strong 
enough for heavy 
“ trucks 
a rere Gravel & Brick, cone. & Yes As. block pavements 
Slag 3—6 Asph. Block Yes wo-a out because of 
blocks — 
i 00 
Tyrone ..cccceeConcrete 6 Vitrified Trucks carrying No Distatiaeatien of 
Brick Yes stone for highway concrete 
; contractors 
Uniontown ....Crushed Brick Yes Heavy trucks, Yes Mostly pipe trenches, 
Stone 6—8§ hauling coal, some due to improper 
weigh from 3 to drainage 
Rhode Island: § tons 
Bristol ...ceos. Clay 3 Tar Yes Lack of drainage 


Concrete No 
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BASE AND SUBGRADE FAILURES— (Continued) 








What kind 


Was failure 





¢ pavessent sneenees Wearing Was failure due to yield- 
a as rs) ase, surface due to Description ing of sub- 
City and State failed? inches traffic? of traffic grade? Cause of yielding 
South Carolina: 
Greenville ..... Concrete 3 Asphalt Yes Base too thin—car 
tracks not properly 
. laid 
ere Concrete 4 1 in. 
Texas: 
BURRTTIO 2 cscce Vibrolithic 7 Vit. Conerete No No Lack of sufficient ex- 
ansion joints 
Brownwood ...Clay or soil 8 to 10 in. No Yes ite suaner  . 7 
Clarksville ....Waterbound Asphalt pene- 400 autos; 100 wa- Yes Lack of drainage 
_ . Macadam 6 tration, 2 in, No gons and buggies 
Corpus Christi.Concrete 4—5 Bitulithic No Yes Black gumbo sub-soil 
Greenville ..... Concrete a Brick & Yes Water main leaks 
As. Concrete No subsequent settlement 
Longview ..... Macadam Asphalt Yes Lack of drainage 
Macadam No 
cS Asphaltic 
Waxahachic ...Concrete 5 Concrete 2 in. No Yes Black land foundation 
over limestone. Under 
Port Arthur ...Concrete 4 2 in. Asphalt No ground water running 
on top of limestone 
ee Concrete 5 2 in. ‘Asphaltie Yes Gaps in pavement 
Concrete No . allowed water to get 
in under base 
Virginia: 
ae Crushed Brick No Yes bursting of water 
Stone 6 mains and caving of 
under ground store- 
water drains 
Newport News.Concrete 8 Concrete No Yes Lack of drainage 
Norfolk ...... Concrete 4—5 1% binder Motor trucks, 10 Yes Pipe trenches 
1% in. top to 15 tons 
Asphalt Yes 
Washington: 
CHenGUS ....-.- Concrete 6 Brick 750 vehicles a day, Yes Sewer trench not set- 
max. weight 15 tled prior to paving 
tons 
Oymapia ...ccs- Concrete 4 3 im. Yes Pipe trench and lack 
of drainage 
Walla Walla ...Bit. & Port. Bitulithic & Yes Settlement of 
Cem. Con. 2%—-4 Sheet Asphalt No trenches 
West Virginia: . 
Wairmoant ...... Concrete 5 Brick No Yes Pipe trenches badly 
back-filled 
Wisconsin: 
es <a a Concrete & Brick Yes Trucks over 12 Yes Pipe trenches under 
Crushed stone 5—6 tons concrete and_ soften- 
ing of crushed stone 
when frost comes out 
> in spring 
Sheboygan ..... Concrete 6 Brick No Yes Large yardage of soil 
underlaid with quicksand hard 
to drain _ sufficiently 
to prevent heaving 
from frost under low 
temperatures 
Superior ....6s+ Concrete 5 Creo. blocks Reavy trucks No Weak concrete base 
& Asphalt Yes 
aukesha ..... Hyd. Cement Brick Yes Motor trucks Yes Pavement sunk over 
Concrete —_ trenches due to sub-soil 
being gravel and hard 
to get into shape 
Wis. Rapids....Concrete 6% Concrete No Yes Lack of drainage 








Failures of Pavement Bases 





Causes of failures in several hundred cities. Subgrade more commonly re- 


sponsible than traffic. 


Sixty per cent of cities had no base failures. 





The opinion is growing that more pavement fail- 
ures than was formerly realized are due to the base 
rather than to the wearing course. Most wearing 
courses are poorly adapted to performing the func- 
tions of a base or foundation and if the base or sub- 
soil under them fails, the wearing course must fail 
also. 

In order to obtain some information on this sub- 
ject, covering the various conditions found through- 
out the country, we included in a recent question- 
naire sent to city engineers, certain inquiries con- 
cerning failures of pavement bases in their respec- 
tive cities. Of the first 460 replies received to 
these and other questions, 139 failed to reply to the 


questions roncerning base failures. Of the 321 who 
replied, 1% reported that no pavement bases had 
failed in their cities. The data given by these re- 
plies have been tabulated, the tables being published 
in this issue. 

The following information on this subject has 
been obtaired by summing up the tabulated data 
and also fram supplementary explanations given on 
the returned questionnaires. 

Of the various bases reported upon, 87 were con- 
crete, 3 were bituminous concrete, 29 were macadam 
or gravel, 2 were slag and 3 were sand and 1 was 


brick. 
The informants were asked to state whether the 
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CONCRETE BASE UNDER ASPHALT BLOCK (BOSTON 
POST ROAD, NEW YORK) DESTROYED FOLLOW- 
ING SOFTENING a! BY SPRING 


pavement. had failed because of traffic or because 
of a yielding of the sub-soil. Of the concrete bases 
49 were reported as having yielded because of sub- 
soil, 8 because of traffic, 5 because of poor construc- 
tion of the base, and 25 because of combinations of 
these. If we combine failures due both wholly and 
partly to each of the several causes, we find 73 from 
soil weakness, 32 from too heavy traffic and 7 from 
poor construction, percentages of 66, 28 and 6 re- 
spectively. Of.the bituminous concrete, one failure 
was reported due to soil alone and two to both soil 
and traffic. Of the macadam and gravel roads the 
soil was responsible for 13 failures, traffic for 3, 
and 13 were due to a combination of these and poor 
construction, Combining these as above, w2 find 
25 due to soil, or 60 per cent; 14, or 33 per cent, due 
to traffic; and 3, or 7 per cent, due to poor construc- 
tion. Of three cities reporting sand base failures, 
two reported such failure due to sub-soil and one 
to traffic. Of.the two slag bases, one failed because 
of traffic and the other because of both traffic and 
sub-soil. The one failure of brick base wis reported 
due to a combination of traffic and sub-soil. 

Combining all of the failures of the various kinds 
of pavement, we find 104 due to sub-soil, 51 to traf- 
fic and 10 to poor construction. 

Of the failures attributed to the sub-svil, the ma- 
jority were on account of the settling of the back- 
filling of trenches. In some cases the streets had 
been laid upon embankment which continued to 
settle. Several of the cities, chiefly in the south- 
western part of the country, referred to the phe- 
nomenon of excessive shrinking of the gumbo soil, 
which sometimes opens up cracks two inches or more 
wide, the tendency of which is of couse to crack 
open the base immediately above such cracks in the 
sub-soil. 

Second only to pipe trenches as a ause of fail- 
ure of the sub-soil was poor drainage of wet soils 
One city engineer in Kansas who attrbuted failure 
to “shrinkage of gumbo sub-soil” acds that “Re- 
cent paving has not failed. We use nore care and 
lay mostly 5-inch base. Through some base I have 
laid a reinforcing rod transversely 2ach 30 feet.” 
In this city the base which was resorted to have 
failed was 4-inch concrete. 

A Pennsylvania city reported a brick pavement on 
a 5-inch concrete base to have failed because of the 
joint between the base and the combination curb 
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and gutter; also that some failures had been due to 
embankments which had not been sufficiently rolled. 

Several engineers explained the freedom of their 
pavement bases from failure. For instance, ore 
North Carolina city engineer stated: “The entire 
city is underlaid with sand, forming an ideal nat- 
ural foundation. The brick pavement is mostly 18 
years old, on sand foundation with cement grout, 
and except where it has been cut is in as good con- 
dition as when it was put down. The asphalt ma- 
cadam has been down 10 years and is good for about 
one year more.” In this city both brick and as- 
phalt macadam were laid on the natural sand soil. 
A Connecticut city engineer writes: “The sub-soil 
drainage in this city is excellent, in view of which 
we are able to resurface old macadam pavements 
with sheet asphalt (114 inch binder, 1% inch top) 
with gratifying results.” Another Connecticut en- 
gineer writes, “I have used 214-inch to 3-inch broken 
stone bases bound with sand on heavy traffic streets 
with 2'4-inch to 3-inch asphalt macadam stone on 
sand and clay sub-base and have never had a failure. 
The failure in many places is due to poor drainage 
and small crushed stone for the base.” 

The general impression given by the various re- 
plies is that failure of pavement bases is due to 
traffic in not more than one-third or one-fourth of 
the cases of failure, most of the balance being due 
to failure of the sub-soil either over imperfectly 
compacted trenches or because of yielding due to 
poor drainage. This general statement seems to ap- 
ply to each class of base. The concrete, for which 
is claimed the advantage of bridging over small 
areas of yielding sub-soil such as trenches and wet 
spots, is reported to yield under such conditions in 
as high a percentage of cases as macadam or any 
other type of base. 

Of the 335 cities that did not report any failures 
of bases, a number gave no statement on the subject, 
but 121 reported that there had been no failures of 
bases. Absence of failures was reportéd for 84 
pavements having concrete base, 2 having asphalt 
concrete, 20 having macadam, 7 having gravel, 5 
having sand, 1 cobblestone, and 2 with no base 
except hard soil. 

Of the 84 pavements with concrete base that have 
not failed, 34 had rigid surfaces such as brick or 
granite block, while the remaining 50 were surfaced 
with sheet asphalt, bituminous concrete, and other 
pavements similarly adapted to cushioning the im- 
pact of traffic. 

Macadam base was used under brick in two cases, 
and in the remaining 18 cases under bituminous 
macadam and bituminous concrete. 

One New York city reports that the only base 
to fail on its streets was that of a state-built brick 
pavement on concrete, which failed over trenches 
that had recently been dug and not properly back- 
filled. The concrete base was reinforced with 
%-inch lug bars laid crosswise of the trenches, but 
these apparently were not effective. “Might better 
have spent the money drawing away the soggy clay 
to a dump and filling the trenches with old dry mac- 
adam or sand or cinders.” 

One Kansas city engineer stated that the contrac- 
tion and expansion of a 5-inch concrete base caused 

(Continued on page 137) 
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Alabama’s Highway Bonds 





Labor in 1921 


There will be plenty of unskilled labor in all 
parts of the United States for carrying out all of 
the public work contemplated by the cities of the 
country this year, and in general the wages will 
be very materially lower than they were a year 
ago. 

Of the above there would seem to be no pos- 
sible doubt. It is not the opinion of one man.or 
of a dozen men, but of six hundred city engineers 
distributed over the entire country from Maine to 
Florida, throughout the Mississippi valley, across 
the Rockies and on the Pacific coast. Six hun- 
dred city engineers have reported to us during the 
past six weeks, each concerning conditions in his 
own district, and more than 93 per cent stated 
positively that there would be plenty of labor for 
public works this year, and only eight of the re- 
mainder reported that there would not be plenty, 
the others being in doubt. 

With such almost absolute unanimity of opin- 
ions coming from all parts of the country, and 
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from men who are intimately connected with pub- 
lic works in their respective cities, occasional 
errors of judgment are buried in the general con- 
census of opinion. If there are a dozen or so 
cities where more laborers are needed, the de- 
ficiency can certainly be made up from the hun- 
dreds of other localities where they are found in 
abundance. 

As to wages, in most localities these have al- 
ready lost 50 to 75 per cent of last year’s increase 
above pre-war rates and indications are that they 
will fall still lower. In fact, in some localities 
the, have already almost reached pre-war con- 
ditions. 

With satisfactory conditions as to labor, and 
with plenty of funds available, any restriction on 
public work this year will apparently be due to 
scarcity or high prices of materials. There would 
seem to be little, if any, need for the former, with 
abundance of labor and the railroads in condition 
to handle a considerable increase of traffic. It is 
certainly to be hoped that the manufacturers and 
the dealers in materials used in public work will 
not make themselves responsible for putting the 
brakes on progress in such work this year by 
adopting or maintaining a selfish or short-sighted 
policy of profiteering prices. It is also to be hoped 
that engineers and others in charge of public 
works will meet such condition, should it occur, 
by substituting materials offered at more rea- 
sonable prices where it is possible to do this by 
modifying their plans or changing types of con- 
struction. 





City Streets and Highway Pavements 


With the increasing use of heavy trucks over 
county and state highways, the wheel loads to be 
supported by highway pavements are probably 
as great as those to which the majority of city 
pavements are subjected; while the more popu- 
lar highways carry as intense traffic as almost 
any city street, per foot of width. As far as 
traffic conditions are concerned, therefore, there 
would seem to be no reason for differentiating 
between highways and city streets in paving 
practice, 

In the support furnished to the pavement, how- 
ever, there are several features of difference. Al- 
thor.gi the same kind of soil is found in both 
city and country, highways have occasionally to 
cross swampy lands which would not be used as 
building sites; also city streets generally contain 
sewers and water mains, and frequently gas 
mains, wire conduits and other structures laid in 
continuous lines under the street surface; while 
the houses along the street are generally pro- 
vided with cellars whose bottoms are carried 
lower than the street level, except in those south- 
ern states where cellars are the exception. The 
continuous trenches in which the underground 
conduits are laid serve as blind drains in the ma- 
jority of cases, removing any underground water 
that may reach them unless it is in enormous 
amounts; while cellars aid in drying out the sub- 
soil down to the level of their bottoms, either by 


‘direct action or because water in the sub-soil sur- 


rounding them cannot be tolerated and must be 
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removed by artificial drainage. We therefore 
find wet sub-grade much less common in city streets 
than in country highways. 

Trenches, however, are objectionable in that 
settling of the backfilling (which is very diffi- 
cult to prevent) removes the support offered by 
the sub-grade to the pavement, which must then 
either bridge over the settled area or settle in its 
turn and damage the pavement. 

The above takes into consideration only the 
more self-evident points, and various local con- 
ditions will necessitate more or less important 
modifications of the conclusions drawn. Such 
conclusions, however, may be stated as follows: 

On the more important highways, the same 
wearing surface should be used as for main city 
streets. 

In city streets where trenches have been or 
will be dug, a base should be used that is able 
to carry the traffic by bridging over such trenches, 
or else special precautions should be taken to 
make the backfilling even more solid than the 
undisturbed soil. 

On highways or streets not trenched, bridging 
ability is not so important, since the sub-base 
is presumably fairly uniform in supporting power. 
This supporting power, however, should be made 
the maximum possible by drainage to remove 
sub-soil water, by rolling to compact it, and occa- 
sionally by the use of clay, sand, gravel or other 
materials whereby added stability may be given 
to the surface. 

In general, the main differences between the 
two classes of roads, so far as pavements are 
concerned, are due to the presence or absence of 
trenches, and to the relative freedom from ground 
water, which generally lowers the supporting 
power of the sub-grade, 





Pavement Bases 


Does the average paving official give sufficient 
consideration to the matter of pavement bases? 
One such official is quoted as having recently 
made the sweeping statement that every good 
pavement either consists of concrete or has a 
concrete base, and a great many paving engi- 
neers and others seem to assume this is axiomatic. 

Another engineer has said that a clay road will 
give as good satisfaction under even the heaviest 
traffic as any kind of pavement, provided it is 
kept continually dry. Still other engineers have 
said that 90 per cent of the pavements laid would 
give better service at less cost if placed on a 
bituminous base rather than on cement concrete. 

We believe that every unprejudiced engineer 
of wide experience will admit that the last two state- 
ments contain at least an element of truth; and 
yet in the great majority of cases, to an engineer 
deciding upon the character of a pavement, no 
question suggests itself as to what is the best 
base—he merely wonders if he can afford or the 
traffic justifies a concrete base, or whether he 
must lay the pavement without any base. 

The entire load of traffic is carried by the sub- 
grade—the base merely transmits and distributes 
it. If the sub-grade has such bearing power 
throughout that the traffic, if carried directly 
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upon it, will not cause appreciable depression in 
the surface, and if it is certain that the sub-base 
will retain this condition under all conditions of 


‘weather, there is no need of a base, and very 


little need of a wearing course other than one 
sufficient to prevent abrasion and dust. Pave- 
ments laid on such soil without a base twenty 
or thirty years ago are still in good condition. 

If the sub-base is incompressible throughout, 
but composed of particles which may flow under 
localized pressures, such as dry sand, the chief 
function of a base is to prevent such movement 
of particles by distributing the pressure over 
larger areas and also by preventing a rising of 
particles above the general level when displaced 
by corresponding depressions under the loads 
applied. 

Where the supporting power of the soil is not 
uniform, but there are small areas that would 
yield under pressure, the chief function of the 
base is to bridge over these spots and transmit 
the load to the more solid portions of the sub- 
grade surrounding them, like a floor slab sup- 
ported at the edges. 

Where the entire sub-grade is, or may become 
during wet weather, without sufficient support- 
ing power to sustain the traffic loads without 
yielding unless such loads be distributed over 
considerable areas, it is the function of the base 
to so distribute the loads. In this case the slab 
acts much as a raft supporting a load in water, 
and if the soil becomes very soft the flexible 
base develops waves and hollows, the rigid one 
breaks into innumerable pieces; in either case 
the pavement is ruined. 

In rolling a sub-grade there are very apt to be 
left spots somewhat less compacted than others; 
in fact, it is hardly practicable to obtain abso- 
lutely equal compaction over the entire area of a 
sub-grade. If a rigid base be employed, the 
areas of less compactness do not support their 
share of the load imposed by traffic, but the base 
over them must act as a floor to transmit this to 
the firmer soil around them. In many cases, how- 
ever, if the base could yield a quarter or even an 
eighth of an inch, these spots would then develop 
as great a supporting power as the surrounding 
area, and the base would no longer need to ex- 
ert bridging action. In the case of a flexible base, 
such as asphaltic concrete, this is what happens. 
The slight depression of an eighth of an inch 
necessary to establish uniform support through- 
out the sub-grade does not produce a defect in 
the pavement nearly so serious as that occasioned 
by a break in a rigid concrete base; and yet such 
a break occurs if the load applied to the rigid 
base over such weak spot in the sub-grade is 
greater than the base can support as a slab. 

It follows from this that the beam strength of 
a non-rigid pavement does not need to be nearly 
so great as that of a rigid pavement in order to 
secure equal effectiveness of the base in perform- 
ing its function. 


There are other conditions under which the 
adaptability of the flexible base to minor sub- 
grade charges is of great advantage; for instance, 
in the case of a pavement built upon an embank- 
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ment which continues to settle slightly, not 
enough to throw the pavement objectionably out 
of surface but great enough to cause cracks in a 
rigid pavement. 

On the other, hand, rigid pavements are ad- 
vantageous where narrow areas of depression oc- 
cur in the sub-grade over which a flexible base 
would continue to settle for an inch or more be- 
fore coming to rest, and so produce undesirable 
depressions in the pavement surface; while these 
areas, if sufficiently narrow, are bridged by a con- 
crete base of reasonable thickness. A common 
illustration is that of narrow trenches, such as 
those for house connections, which are often 
bridged successfully by 6-inch or 8inch concrete 
bases. 

The above is merely a superficial consideration 
of the subject, but it is by no means purely the- 
oretical or at all imaginary. Millions of yards of 
flexible base much thinner than is generally em- 
ployed for rigid bases have successfully supported 
for years pavements carrying heavy traffic. On 
the other hand, it is probable that very few con- 
crete pavements or concrete bases can be found 
that do not contain hundreds of lineal feet of 
cracks in every mile of pavement caused by the 
non-uniformity of the supporting power of the 
sub-grade. 

No attempt is made in the above to even indi- 
cate exactly under what conditions rigid base, 
non-rigid base, or no base at all should be em- 
ployed, but only to call attention to the fact that 
there is a question to be considered, and a serious 
one which involves the saving or wasting of mil- 
lions of dollars every year in the construction of 
pavements in this country. 





Our Tabulated Pavement Data 


For more than a dozen years we have.pub- 
lished about this time each year data concerning 
paving in American cities, obtained through the 
kind co-operation of hundreds of city engineers. 
This year the question uppermost in the minds of 
paving authorities is whether enough labor for 
all the paving work contemplated can be ob- 
tained, and at what wages. On the technical side, 
the question of bases is assuming the most prom- 
inent place. On both of these subjects we have 
collected data which are presented in this issue. 
Figures as to the amount of pavement laid in 
several hundred cities have been tabulated but are 
postponed to future issues for lack of space in 
this. ° 





State Manufacture of Road Materials 


Kansas good roads boosters claim that there is 
in that state a combine of dealers in road mate- 
rials which is holding up prices of such materials, 
and they are asking the state legislature to enact 
a law authorizing the state to own and operate 
plants for manufacturing cement and brick. It is 
believed that such a law would be legal under 
the constitutional amendment adopted last fall 
authorizing the state to aid in the construction of 
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State highways. The advocates of such an act 
also are considering submitting to the voters a 
constitutional amendment that would authorize 
the state to sell road materials so manufactured 
when these should exceed the demand for state 
purposes. 





Failures of Pavement Bases 
(Continued from Page 134) 


cracks which allowed the sand cushion under brick 
pavements to flow out into the cracks, causing the 
brick to settle. 

Owensboro, Ky., reports that there were no 
failures of either concrete or macadam base pave- 
ments, as all the streets are sub-drained along the 
curb. On the other hand, Buffalo, N. Y., reports 
that drains along each side of the pavement were not 
sufficient to prevent settlement of the 6-inch concrete 
base due to a yielding of the sub-soil. One Ohio 
engineer reports that brick pavements laid on about 
one foot of stone for a base had failed in places, 
probably because the stone base had not been prop- 
erly tamped. 





Reinforcing Concrete Pavements 


The figures for the 460 cities whose reports have 
been tabulated for this issue show nearly 2,000,000 
square yards of concrete pavement built last year, 
and of this-35 per cent contained reinforcement. By 
far the largest part of the reinforcement used in the 
concrete pavements is in the form of fabric rather 
than bars. A number of engineers reported their 
intention to use reinforcement in 1921 construction, 
and all but three of these stated their intention of 
using fabric, and one of the other three said that 
bars “probably” would be used. 

By far the largest part of the fabric used in these 
cities weighs between 25 and 35 pounds per 100 
square feet of pavement, 28 and 30 pounds appear- 
ing to be most popular. About 78 per cent reported 
use of fabric weighing between 25 and 35 pounds, 
both inclusive ; about 14 per cent reported 40 pounds, 
the balance being evenly divided among 42, 50 and 
100 pounds. In addition, one city reports main 
members .08 square inch, 6 inches apart. Another 
reports .058 square inch, spacing not stated. One 
city uses 32 pounds of fabric in each of two layers, 
making 64 pounds per 100 square feet. 





Alabama’s Highway Bonds 


On February 16, 1920, the voters of Alabama 
authorized a bond issue of $25,000,000 for con- 
structing a permanent system of roads in that 
state. A question having been raised as to the 
validity of the bonds because of a point of legal 
procedure in connection therewith, a friendly suit 
has. been started and briefs for and against the 
validity of the bonds have been prepared for 
submission to the Supreme Court in order that 
the point may be authoritatively and finally set- 
tled to the satisfaction of all possible purchasers 
of the bonds. 
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NEWS OF THE SOCIETIES 





Feb. 7—PORTLAND, OREGON SEC- 
TION, AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS. 

Feb. 7-8—FLORIDA ENGINEER- 
ING SOCIETY. Annual meeting. 
Lakewood, Fla. 

Feb. 8S—BOSTON SECTION, AMERI- 
CAN SOCIETY OF MECHANICAL 
ENGINEERS. 

Feb. 8—BOSTON SECTION, AMER- 
ICAN SOCIETY OF MECHANICAL 
ENGINEERS. 

Feb. 9—THI? NEW ENGLAND WA- 
TER WORKS ASSOCIATION—Feb- 
meeting Copley Square Hotel. 


ruary 
Boston. Secretary F. H. Gilford, 
Dedham, Mass. 

Feb. 9-12 — AMERICAN ROAD 
BUILDERS’ ASSOCIATION. Eight- 
eenth annual convention, eleventh 


American Good Roads Congress and 
twelfth National Good Roads Show, 
Coliseum, Chicago, Il. 

Feb. 10—SOCIETY OF AUTOMO- 
TIVE ENGINEERS, Hotel New 
Southern, Columbus, 

Feb. 11—LOS ANGELES SECTION, 
AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS. 

Feb. 11-12 — ENGINEERING SO- 
CIETY OF WISCONSIN. Annual 
meeting, Madison, Secretary, Leonard 
S. Smith, Madison, Wis. 

Feb. 14—AMERICAN ENGINEER- 
ING COUNCIL. Technology Club, 
Syracuse, N. Y. Headquarters at 
Onandago Hotel. 

Feb. 14-16 — NATIONAL CIVIC 
FEDERATION. 21st annual meeting, 
Hotel Astor, New York. 

Feb. 14-16 — AMERICAN CON- 
CRETE INSTITUTE. Annual meeting. 
Auditorium Hotel, Chicago, Ill. Sec- 
retary, Harvey Whipple, New Tele- 
graph Building, Detroit, Mich. 

Feb. 15 — BUFFALO SECTION, 
AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS. 

Feb. 15—COUNCIL OF THE AMER- 
CAN SOCIETY OF MECHANICAL 
SNGINEERS. Technology Club, 
Syracuse, N. Y. 








Feb. 15-17 — PROVINCIAL ASSO- 


CIATION OF CONTRACTORS AND 
SUPPLY DEALERS OF ONTARIO. 
Startford, Ont. 

Feb. 16-18 — AMERICAN IN- 
STITUTE OF ELECTRICAL ENGI- 
NEERS. Seventh midwinter conven- 
tion. Engineering Societies’ Building, 
New York City. 

Feb. 21-23 — MINNESOTA SUR- 
VEYORS’ AND ENGINEERS’  SO- 
CIETY. Annual convention. Hotel 
Commodore, St. Paul. 

Feb. 23—NEW YORK SECTION, 
AMERICAN SOCIETY OF CIVIL EN- 
FINEERS. Meeting postponed from 
Feb. 16. 

Feb. 25-26—CONSTRUCTION DIVI- 
SION, U. S, ARMY. Annual reunion 
of those identified with this division 


during the war. Morrison Hotel, 
Chicago, Il. 

Feb. 28 — PHILADELPHIA SEC- 
MECHANICAL ENGINEERS. _ Engl- 
neers’ Club of Philadelphia. 

Feb. 28 — CHICAGO SECTION, 
AMERICAN INSTITUTE OF ELEC- 


TRICAL ENGINEERS. 

March 11-12 — NORTHWESTERN 
ASSOCIATION OF GENERAL CON- 
TRACTORS. St. Paul Hotel, St. Paul, 
Minn. 

March 14—AMERICAN ASSOCIA- 
TION OF ENGINEERS. The third 
annual railroad conference. Chicago. 

April 27—AMERICAN SOCIETY OF 
CIVIL ENGINEERS. Annual conven- 


tion. Houston, Texas. 
April 27-29—UNITED STATES 
CHAMBER OF COMMERCE. 9th an- 


nual meeting. Atlantic City, N. J. 
9-11—AMERICAN ASSOCIA- 
OF ENGINEERS. 7th annual 
Buffalo. 


May 
TION 
convention. 





May 17-19—-NATIONAL FIREMEN’S 
ASSOCIATION. Twenty-third -annual 
convention. Fort Wayne ,Ind. 

June—CONFERENCE OF MAYORS 
AND OTHER CITY OFFICIALS, State 


of N. Y. 12th Annual Conference. 
Elmira, N. Y. 
June 6-10—AMERICAN WATER 


TER WORKS ASSOCIATION. Annual 
convention at Cleveland, Ohio. Sec- 
retary, J. M. Diven, 153 West 7l1st 
St.. New York. 

June 7-9—NATIONAL FIRE PRO- 
TECTION ASSOCIATION. Annual 
meeting. San Francisco, Cal. 

Oct., 1921—_IOW A SECTION, AMER- 
ICAN WATER WORKS ASSOCIA- 
TION. Seventh annual meeting. 


AMERICAN ENGINEERING 
COUNCIL 

On February 14, the executive 
board of the American Engineering 
Council of the Federated American 
Engineering Societies will hold ses- 
sions at Syracuse, N. Y., culminating 
in the evening in an address by Her- 
bert Hoover, who will outline the new 
council’s plans for dealing with indus- 
trial relations and particularly with 
human waste as it affects the present 
army of unemployed. 

Mr. Hoover will urge co-operation 
with Congress, with labor organiza- 
tions, chambers of commerce and other 
bodies in the campaign planned by the 
council to remedy economic ills. 

On February 15, the national coun- 
cil of the American Society of Me- 
chanical Engineers will convene at 
the same place. This society has 
placed its resources and membership 
of 13,000 behind the movement to fed- 
erate the country’s engineering skill 
under the headship of Mr. Hoover with 
the American Engineering Council as 
the spokesman, who will work “to get 
America’s idle back to work, and keep 
it at work.” 

The Syracuse meetings will bring to- 
gether engineers from every industrial 
center in the country. Delegations will 
zo from New York, Albanv, Utica, 
Buffalo, Rochester, Schnectady, Troy 
and other cities, The engineering so- 
cieties of Chicago, Cleveland, Boston, 
St. Louis, Pittsburgh, Detroit and 
other places will be represented by of- 
ficials of the two councils. 

On the board of the American En- 
gineering Council the American In- 
stitute of Electrical Engineers is ren- 
resented by Calvert Townley of New 
York, vice-president of the Westing- 
house Co.; the American Institute of 
Mining and Metallurgical Engineers by 
J. Parke Channing of New York; the 
American Society of Mechanical Engi- 
neers by Dean Dexter S. Kimball of 
Cornell University, and the Associ- 
ated Engineering Societies of St. Louis 
by William E. Rolfe. These four, as 
vice-presidents of the council, are ac- 
tively assisting Mr. Hoover in framing 

As a result of a report submitted 
to the council by Mr. Hoover, the coun- 
cil will probably encourage the forma- 
tion of state engineering councils, a 
process already under way in many 
states, including Massachusetts and 
Minnesota. A federation of New 
York state engineers, it is said, is a 
probability of the near future. 
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THE ELEVENTH ANNUAL AMERI- 
CAN GOOD ROADS CONGRESS 
AND SHOW 


The eleventh annual American Good 
Roads Congress and twelfth National 
Good Roads Show, under the auspices 
of the American Road Builders’ Asso- 
ciation, will be held at Coliseum, Chi- 
cago, February 8, 9, 10, 11 and 12. 

TENTATIVE PROGRAM 


February 8, 8 p. m., formal opening 
of twelfth national Good Roads Show, 
Coliseum. 

February 9, 9 a. m., 
delegates, 

Convention Hall, Coliseum, 10 a, m. 
—Announcement of convention com- 
mittees. H. L. Bowlby, Chief War Ma- 
terials Division, U. S. Bureau of Public 
Roads, Washington D. C., presiding. 
“Our National Road Problems,” 
Thomas H. MacDonald, Chief, U. S. 
Bureau of Public Roads, Washington, 
D. C. “Relations of the Highway and 
Motor Transport Movement to Educa- 
tion,” Prof. C. J. Tilden, National Di- 
rector of Highway and Highway 
Transport Education, Washington, D. 
C. “Highway Improvements in New 
England,” A, W. Dean, Chief Engineer, 
Division of Highways, Massachusetts 
Department of Public Works. “The 
Local and National Importance of the 
Lee Highway,’ Dr. S. M. Johnson, 
Manager, Lee Highway Association, 
Roanoke, Va. 

Convention Hall, Coliseum, 2 p. m. 
—George C. Diehl, county engineer, 
Erie county, N. Y., presiding. “The 
Highway’s Part in the Development of 
Efficient Transportation,” C. W. Reid, 
Chairman, Transportation Committee, 
Federal Highway Council, Washing- 
ton, D. C. Discussion, T. J. Wasser, 
State Highway Engineer of New Jer- 
sey, and others, 

Mass Meeting, Medinah Temple, 8 

m.—Michael J. Faherty, President, 
American Road Builders’ Association, 
presiding. Musical program. Address 
of welcome on behalf of the city of 
Chicago, Hon, William Hale Thomp- 
son, mayor of Chicago. Response on 
behalf of the American Road Builders’ 
Association, by Michael J. Faherty, 
president. “Good Roads Movies.” 

Convention Hall, Coliseum, Febru- 
ary 10, 10 a. m.—C. M. Upham, Chief 
Engineer, Delaware State Highwa 
Department, presiding. “Sub-grades,” 
H. G. Shirley, Secretary, Federal 
Highway Council, Washington, D. C. 
Discussion, Clifford Older, Chief 
Highway Engineer of Illinois, and 
others. “Importance of Drainage in 
Road Construction,” F. H. Eno, Pro- 
fessor of Engineering, Ohio State Uni- 
versity. Discussion by H. S. Matti- 
more, Assistant Engineer, Pennsylva- 
nia State Highway Department, and 
others, 

Convention Hall, Coliseum, 2 p. m. 
—J. A. Duchastel, City Manager, 
Outremont, Canada, presiding. “Types 
of Pavements,” James H. MacDonald, 
former State Highway Commissioner 
of Connecticut, New Haven, Conn. 
Discussion, Newell D. Darlington, 
Chairman, California State Highway 
Commission; Herbert Nunn, State 
Highway Engineer of Oregon, and 
others. “Highway Researches and 
What the Results Indicate,” A. T. 
Goldbeck, Chief, Division of Tests, U. 


registration of 




















FEBRUARY 5, 1921 


S. Bureau of Public Roads, Washing- 
ton, D. C. Discussion, Anson W. 
Marston, Dean, Iowa State College, 
and others. 

Evening Entertainment — Dinner- 
dance at the Congress Hotel. 

Convention Hall, February 11, 10 a. 

m.—Frank F., Rogers, State Highway 
Commissioner of Michigan, presiding. 

“Recent Developments in Road Build- 
ing,” Edward N. Hines, Chairman of 
Board, County Commissioners, Wayne 
County, Mich. Discussion, W. D. Uh- 
ler, Chief Engineer, Pennsylvania State 
Highway Department; R. Keith Comp- 
ton. Chairman, Baltimore Paving Com- 
mission, and others. 

Convention Hall, Coliseum, 2 p. m. 
—Howard F, Beebe, President, Harris, 
Forbes & Co., New York City, presid- 
ing. “Highway Finance,” H. C. Syl- 
vester, Vice-President, National City 
Co., New York City. Discussion, 5. 
Bradt, Superintendent of Highways, 
Department of Public Works and 
Buildings, Springfield, Ill.; H. P. Gil- 
lette, Editor, Engineering and Con- 
tracting, and " others, 

Evening Entertainment — Theater 
party at two of Chicago’s leading 
theaters. 

Convention Hall, Coliseum, February 
12, 10 a. m—Walter A. Rogers, of 
Bates & Rogers, Chicago IIl., Presi- 
dent, Associated General Contractors, 
presiding. “Relation Between Engi- 
neers and Contractors,’ W. A. Rogers, 
President, Associated General Contrac- 
tors. Discussion, R.'G. Collins, Key- 
stone Construction Co.; A, BR. Bast. 
State Highway Engineer of Wisconsin; 
D. A. Garber, President, Northeastern 
Construction Co., New York City, and 
others. 

Convention Hall, Coliseum, 2 p. m.— 
Question box, report of resolutions 
committee, election of nominating com- 
mittee. 

As many women will be present, spe- 
cial entertainment features have been 
provided for their benefit, including a 
reception and tea, February 9, at the 
Congress Hotel; a sightseeing tour by 
automobile, followed by a luncheon — 
entertainment at the Drake Hotel; 
shopping tour; a luncheon at the South 
Shore Countgy Club; and dinner and 
dance at the Congress Hotel. 


THE NEW ENGLAND WATER 
WORKS ASSOCIATION 


The annual meeting of the New Eng- 
land Water Works Association was 
held on January 12 at the Copley 
Square Hotel, Boston, Mass, The ex- 
ecutive committee met in the morning 
at the association headquarters, the 
Tremont Temple, and luncheon was 
served later in the hotel. 

The following officers were elected 
for the ensuing year: President, 
Charles W. Sherman; vice-presidents, 
Frank A. Barbour, Percy R. Sanders, 
William W. Brush, Reeves J. Newsom, 
Patrick Gear and George A. Carpen- 
ter; additional members of the execu- 
tive committee: David A. Heffernan, 
James A. Newlands and Arthur A. 
Blackmer ; secretarv, Frank J. Guffird; 
treasurer, Lewis M. Bancroft; editor 
and advertising agent, Henry A. Sy- 
monds; and finance committee, George 
H. Finneran, A. R. Hathaway and 
Frank A. Marston. 
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A report was then read bv the retir- 
ing president, Henry V. Macksey, 
which showed the association to be in 
sound financial condition and advancing 
along progressive lines. Secretary 
Frank J. Gifford reported the present 
membership as numbering 872 persons, 
consisting of 14 honorary members, 788 
active members and 70 associate mem- 
bers. This was followed by a short 
speech by the new president, prophesy- 
ing a prosperous year for 1921. 


AMERICAN CONCRETE INSTITUTE 


A session on contractor’s plant, Feb- 
ruary 15, 8 p. m., will receive the report 
of the special committee on contractor’s 
plant in reinforced concrete building 
construction. A survey of the concrete 
road building situation indicates that 
while many contracts were not com- 
pleted last year, leaving a balance of 
incompleted contracts of 33,000,000 
square yards, 1920 was the biggest year 
in actual yardage put down that we 
have had and 1921 will probably eclipse 
that record. An address by F. M. Balls- 
ley of the Wisconsin State Lliglhway 
Department on Equipment for Concrete 
Road Construction has been prepared 
after a survey of many jobs in several 
states. 

A paper by C. R. Ege is on Devel- 
opments in Construction Plant and 
Crew Organization in Concrete Road 
Work. 

A. C. Irwin will present a compila- 
tion of small bridge and culvert stand- 
ards as used at this time in many cities. 

A meeting of the Committee on Con- 
crete Roads, Clifford Older, chairman, 
will probably be held during the con- 
vention. 

Concrete products manufacturers 
will have a special session February 16, 
at 2 p. m., and will present the revised 
standards for building units. 

J. W. Lowell, of the Universal Port- 
land Cement Co., will present a paper 
on Coloring Concrete. 

J. C. Pearson, chairman of the Com- 
mittee on Concrete Surfaces, will pre- 
sent a report outlining important work 
to be undertaken by that committee. 

Mr. Pearson will also present a pa- 
per on the Shrinkage of Portland Ce- 
ment Mortars, with Special Reference 
to Stucco, 

The changine situation with regard 
to lumber supply for form work has 
prompted President Turner with the 
authorization of the Board of Direc- 
tion to appoint a special committee on 
Steel Forms. 

The Committee on Reinforced Con- 
crete Chimneys, J. G. Mingle, chair- 
man, proposed to submit a set of stan- 
dards for the design and construction 
of reinforced concrete chimneys. “Our 
idea will be to make up the specifica- 
tions in such a manner that they will 
be of use to the average man and the 
architect and engineer rather than try 
to get the different chimney companies 
to adopt the same proposal form, It 
will be short and concise to set forth 
the best practice in design and con- 
struction.” 


AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS 

On February 2, the Ontario section 

of the A. S. M. E. held a joint meet- 

ing with the annual meeting of the En- 

gineering Institute of Canada at the 
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King Edward Hotel, Toronto, Canada. 
Topics discussed were the “Effects of 
Corrosion on Steel Pipe, and the Man- 
ufacture of Very “- Steel Pipes up 
to 96 Inches,” by F. N. Speller, of the 
National Tube Co., and “Aeroplane 
Wing Tips,” and “Wind Channel In- 
takes,” both by J. H. Parkin, Jr. 

At the wont Ms of the Boston section 
to be held on February 8, the follow- 
ing papers will be read: “Water 
Power Development and the Stand-by 
Steam Stations as Applied to the Gen- 
eral Subject of Power Development in 
England” and “Recent Water Wheel 
Developments and Settlings,” by W. 
M. White, chief engineer, hydraulic 
department, Allis-Chalmers Manufac- 
turing Co., Milwaukee, Wis. 

On February 16, at the meeting of 
the Buffalo section, “Modern Practice 
in Arc Welding” will be discussed by 
A. M. Candy, of the Westinghouse 
Electric & Manufacturing Co. 


NEW ENGLAND WATER WORKS 
ASSOCIATION 

The February meeting of this asso- 
ciation will be held at Copley Square 
Hotel, Boston, February 9, 

Program—11 a. m., meeting of the 
executive committee at the headquar- 
ters, Tremont Temple, 1 p. m., lunch 
will be served at Copley Square Hotel, 
tickets $1.50. 2 p. m., papers, “The 
Need of Uniformity in Plumbing Reg- 
ulations,” by George C. Whipnle, Pro- 
fessor of Sanitary Engineering, Har- 
vard Enginering School. “Relations 
Between Plumbers and Water Works 
Superintendents,” by G. Wilbur 
Thompson, president of the Massachu- 
setts Association of Master Plumbers. 
“The Hydraulics of the Flush Valve,” 
by Gordon M. Fair, Instructor in Sani- 
tary Engineering, Harvard Engineering 
School, Professor Whipple will dis- 
cuss the bill which has just been intro- 
duced into the legislature bv the State 
Department of Health. This bill con- 
tains matter of great importance to the 
members. 


KENTUCKY HIGHWAY CONTRAC.- 
TORS’ ASSOCIATION 

At a recent meeting of the Kentucky 
Contractors’ Association the following 
officers were elected: President, 
George N. Eady; first vice-president, 
Henry Bickel; and second vice-presi- 
dent, George Carey. 

MEMPHIS ENGINEERS’ CLUB 

At a dinner held on January 10, the 
Memphis Engineers’ Club elected the 
following officers for next year: Pres- 
ident, Robert W. Gay; vice-president, 
J. H. Haylow; and secretary-treasurer, 
A. S, Fry. 

LARGE VOTE FOR A. §. C. E. 
OFFICERS 

An interesting feature of the meeting 
of the American Society of Civil En- 
gineers held in New York on January 
19 was the size of the vote for officers. 
80 per cent of the corporate member- 
ship was represented in the vote, 7,008 
ballots being cast. And when it is con- 
sidered that about 500 members live 
outside of the United States or Can- 
ada and that only a small number of 
these voted, it can be assumed that the 
percentage of eligible voters in the 
United States and Canada who did cast 
votes was about ‘85. 
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New Appliances 


Describing New Machinery, Apparatus, Materials and Methods and Recent Interesting Installations 











DUPLICATE UNITS OF INTERLOCKING CONCRETE CULVERT ASSEMBLED 


INTERLOCKING WENDELKEN 
CONCRETE CULVERT 

The Wendelken interlocking concrete 
culvert is assembled from a series of 
interlocking, plant-made concrete units, 
reinforced to withstand, without over- 
covering, the load imposed by a 17- 
ton roller, the load on any unit being 
distributed over a ground surface 
double the length of the unit. 

Top and bottom units are exactly the 
same and interchangeable. In order to 
clean the culvert, the top units can be 
removed by means of pins or hooks 
inserted in holes cast in each top unit 
for that purpose, the culvert cleaned 
and the top units replaced. 

The dimensions can be such as to 
provide the size and shape of open- 
ings necessary to meet any require- 
ments of the relation of flow line to 
road surface and required discharge 
capacity. The smooth interior provides 
the minimum of frictional resistance 
and therefore a large discharge ca- 
pacity in proportion to the area of the 
opening. It can be quickly installed at 
any time of the year and can be re- 
moved, if necessary, to another loca- 
tion. The design is technically correct, 
and the specifications conform to the 
recommendations of the Joint Com- 
mittee on Concrete and Reinforced 
Concrete. 

With blocks of three standard sizes 
having inside clear heights of 5 
inches, 7 inches and 11 inches, six dif- 
ferent sizes of culverts with clear open- 
ings of 10x 24 inches to 22 x 24 inches 
can be constructed. Each unit is rein- 
forced on all three sides by a frame- 
work of bent steel bars. The units are 
made in class “A” designed to carry a 
17-ton roller without earth covering 
over the conduit and class “B” is de- 
signed to carry the same roller when 
the culvert is covered with 1 foot or 
more of earth. The width of the units 
are 15, 18, 24 and 30 inches and the 
thickness of the top and bottom flav ~ 
varies from 2% to 4 inches while their 
capacity for discharge in second-feet 
varies from 1.66 to 20.50, while the cor- 
responding sizes of corrugated iron 
pipe capacities vary from 1.13 to 7.80. 

This interlocking culvert company 
furnishes steel inside and _ outside 
forms for manufacture hy contract- 
ors and others of the culvert units, with 
which it is estimated they can be made 
for 50 per cent of the average selling 
prices, 


These culverts have been in success- 
ful satisfactory service in Denver fou 
two years and the United States gov- 
ernment has recently secured the right 
to manufacture them for use on thirty- 
five reclamation projects. 





INDUSTRIAL NOTES 


After February 1, the new warehouse 
plant of the National Cast Iron Pipe 
Co., at 37th street and South Ashland 
avenue, Chicago, IIl., is expected to be 
in operation, A complete line of 3-inch 
to 24-inch cast iron pipe and specials, 
as well as valve and roadway boxes, 
will be carried at this warehouse, 





Howard H. Marsh, formerly district 
manager of Railway Age, has become 
president of the Victory Equipment 
Co., with headquarters at 444 Maison 
Blanche Annex, New Orleans, La., 
where he will handle the following ac- 
counts: McMyler Interstate Co., 
Cleveland locomotive cranes, pile driv- 
ers and material handling equipment - 
Ball Engineer Co., Erie, Pa., steam 
shovels and railroad ditchers ; Schaefer 
Equipment Co., Pittsburgh, Pa., truck 
lever connection, brake levers, brake 
rod jaws and stake pockets; and 
Equipment Manufacturing Co., Cleve- 
land, Ohio, trucks and trailers. 

Wallace & Tiernan Co., Inc., has 
opened a new plant at Newark, N. J., 
where all its business will be con- 
ducted, including all branches of engi- 
neering, manufacturing, sales and ex- 
ecutive work, 


ADAMSON NOW MAKES TANKS, AND 
ARC WELDED PRODUCTS 

The Adamson Manufacturing Co., 
East Palestine, Ohio, has added a new 
department for manufacturing all kinds 
of storage, pneumatic and pressure 
tanks, welded pipe, battery casings, 
evaporators, condensors and a large 
line of arc-welded products. 


One of the two big plants of the Ma- 
comb Sewer Pipe Co., at Macomb, IIl., 
has closed down. This move was the 
result of a lack of orders, All of the 
Macomb clay industries with the excep- 
tion of two plants have shut down now. 

The Great Western Contracting Co., 
Kansas City, Mo., has changed its 
name to the Rawlings Industrial Equin- 
rent Co, This organization acts as 
sales engineers for the manufacturers 


of power plant machinery. Besides 
handling coal and ash conveyors for 
the Conveyors Corporation of Ameri- 
ca, Chicago, IIl., this company repre- 
sents the Springfield Boiler Co. and 
the Cooling Tower Co. 
NATIONAL STEEL FABRIC 
COMPANY 


Announcement is made of the open- 
ing of an Atlanta, Ga., office by the 
National Steel Fabric Co., in charge of 
H. S. Gibboney, district manager, 604 
Walton building. 


THE AUSTIN MACHINERY COM- 
PANY’S EXHIBIT 


At the Good Roads Show and Na- 
tional Good Roads Congress and Con- 
vention, Chicago, Feb. 9-12, there will 
be included in the Austin Machinery 
Corporation’s seventy-two-ton display 
in the first section of the main exhibi- 
tion area, their mammoth 28E Cube- 
Hex paver of one cubic yard capacity 
(the largest all-multipedal paver in the 
world), road builders’ crane and drag- 
line, gasoline locomotive, industrial 
cars and batch boxes, trenching ma- 
chine, backfiller and building mixers. 
Moving pictures will be run continu- 
ously. ; 

HIGHWAY TRANSPORTATION 
SHOW 


At the Highway Transportation 
Show that was held on January 3-8 by 
the Motor Truck Association of Amer- 
ica in the armories at 62d street and 
Columbus avenue and 68th street and 
Broadway, New York, liberal use was 
made of moving pictures to show 
highway transportation as compared 
with railroads and waterways, includ- 
ing the film, “What’s Your Hurry,” 
featuring Wallace Reid, and the “Neck 
of the Bottle,” which shows all forms 
of transportation in New York City, 
where there are more than 71,000 mo- 
tor trucks, some of them performing 
extraordinary and little-known service. 

Good roads films well illustrated the 
design and advantages of good roads, 
and the causes of wear, including a spe- 
cial slow-moving film demonstrating 
the effect of high speed on tires, 
springs, body and load of a truck trav- 
eling on a rough surface. Another film 
presented an animated diagram of the 
operation of the lubrication system and 
indicated the necessary repairs and 
maintenance. 

LARGE SALES OF HIGHWAY SNOW 
PLOWERS 

The Good Roads Machinery Co., 
Inc., has recently sold twenty Cham- 
pion snow plows to the Marvland State 
Highway Department, fifty-two Cham- 
pion snow plows to the New Jersey 
State Highway Department, sixty 
Champion snow plows to the Massa- 
chusetts State Highway Department 
and three hundred Chamnion snow 
plows to the city of New York. 


The Austin Machinery Corporation 
has established an office at 721 Andrus 
building, Minneapolis, Minn., with 
George A. Ralph in charge. 
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